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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Patent 

Attorney's Docket No. 026350-058 



In re Patent Application of 



Yoji SAKAGAMI et al. 



Group Art Unit: 1638 



Application No.: 09/880,006 



Examiner: Russell Kallis 



Filed: June 14, 2001 



Confirmation No.: 4690 



For: Promoter Derived from Phytosulfokine 
Precusor Gene 



COMMUNICATION — SUBMISSION OF SWORN TRANSLATION OF PRIORITY DOCUMENT 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 



In addition to the certified copy of the foreign application to which Applicants claim priority, 
Japanese Patent Application No. 2000-179826, filed June 15, 2000, Applicants hereby also submit a 
sworn translation thereof. 



Respectfully submitted, 

Burns, Doane, Swecker & Mathis, l.l.p. 



Date: April 2. 2004 




P.O. Box 1404 

Alexandria, Virginia 22313-1404 
(703) 836-6620 
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in thkubjSkT states patent and trademark office 




Nft £f Attorney Docket No. 



Patent 
026350-058 



In re Patent Application of 
Yoji SAKAGAMI etal. 
Application No.: 09/880,006 
Filing Date: June 14, 2001 

Title: Promoter Derived from Phytosulfokine Precusor Gene 



Group Art Unit: 1638 
Examiner: Russell Kallis 



Confirmation No.: 4690 



SUBMISSION OF CERTIFIED COPY OF PRIORITY DOCUMENT 



Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 



Sir: 



The benefit of the filing date of the following priority foreign application(s) in the following foreign country 
is hereby requested, and the right of priority provided in 35 U.S.C. § 1 19 is hereby claimed. 

Country: JAPAN 



Patent Application No(s).: 2000-179826 



Filed: June 15, 2000 



In support of this claim, enclosed is a certified copy(ies) of said foreign application(s). Said prior 
foreign application(s) is referred to in the oath or declaration. Acknowledgment of receipt of the certified 
copy(ies) is requested. 



Respectfully submitted, 



BURNS, DOANE, SWECKER & MATHIS, L.L.P. 



P.O. Box 1404 

Alexandria, Virginia 22313-1404 
(703) 836-6620 



By 




Date: April 2, 2004 



Registration No. 51,147 
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SUBMISSION OF CERTIFIED COPY 
OF PRIORITY DOCUMENT 
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BURNS DOANE SWECKER & MATHIS LLP 
INTELLECTUAL PROPERTY LAW 



PATENT OFFICE 
JAPANESE GOVERNMENT 



This is to certify that the annexed is a true copy 
of the following application as filed with this Office. 



Date of Application : June 15, 2000 



Application Number 



Japanese Patent Application 
No. 2000-179826 



Applicant (s) 



President of NAGOYA UNIVERSITY 



Certified on December 15, 2000 



Commi s s ioner , 
Patent Office 



Kozo OIKAWA (Sealed) 
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PATENT OFFICE 
JAPANESE GOVERNMENT 



This is to certify that the annexed is a true copy 
of the following application as filed with this Office. 



Date of Application : June 15, 2000 



Application Number : Japanese Patent Application 

No. 2000-179826 



Applicant (s) : President of NAGOYA UNIVERSITY 



Certified on December 15, 2000 
Commissioner, 

Patent Office Kozo OIKAWA (Sealed) 

Certification No. 2000-3103703 
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c»*gi] jwt® (a) ittcit <b) izj&-?i&mmm-frt>tez>z.}izmm£. 

(a) W&m&W&mn 1 JCa**\ (-3 3 59) - (- 1 ) T^£*l 
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(d) (c) ©i6fflB#l©-SP#*$c, Mmu<fcM<fSn3*U T^ic#^E-TS 
[»*£3] J£*Ttf> (e) (f ) K:-^363SBB^j*&&*3£&#l*i: 

(e) w&m&m&m^ 3 c^-r, (-1034) - (-1) 

(f) (e) ©£3SBB7rj©-ap#*$c, «SI«b<ttf5fjD3*l, Tmz&&tZ> 
[»*S4] fiAT© (g) (h) K^SSBB*J#£&5.;i£&4#»i: 

(g) BB#J*©SB#I#-JM IC^-T, ^SS-^- (-563) - (- 1) 

(h) (g) <z>«t3igB^i©-«p*^^ g^gb *u rmz&&~?z> 
[»*«5] sb#i*©ib#i#^ 5 izm-t. mmm^ (-3359) - (203 
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[iff#^7] f&sjtgi fc^L4©T/n^-#-£^jfMK#Ab£, jgft*S 

[SN^9] IMfcgl &^L4<D-7u^:-$-%:mmzmA-?2>Z.£lC.& y. 
[0 0 0 1] 

[0 0 0 2] 

y 79t7-^if>f *^>r;i^©3 5 s^n=E-^-^m^r=.^mt>\ 

s j&afte^flglS© riit^y, R N A jK y * ^ — £ # :7 EE =E - * 
[0 0 0 3] 

-hia©^ y ^^c-^-tf^r ^ ^>r;i/^ (camv) ©3 5 s^n^-^-te. 
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[0 0 04] 

phytosulfokine : PSK) IC&B U ^ftf£?T oT^£„ P S K 

**ie>©»^tcailfi«Jit«:?Sttfl:-t-*gttK:, PSK^»f*6. PSK- a 

P S K — a : Tyr(S0 3 H)-Ile-Tyr(S0 3 H)-Thr-Gln 
P S K- fi : Tyr(S0 3 H)-Ile-Tyr(S0 3 H)-Thr 
[0 0 0 5] 

_tffl<Z>PSK-a2fct*PSK r 0tt:, ff|g#©^^^StlT, h7>Xi 

h«7-^&»a-r*iaK:, smftfttf^n-fes/^&sw-T, psk^ 
msn&r £#*n?>;riTv^ 0 -e©##;fMEflcT&5, -<*psk (ory 

za sativa phytosulfokine:OsPSK) jft-fS^F-© c 

DNAtfit3£B3#jtt, cDNA^^-->ir©#i^c^cJ:y|lE^c«p#fs^lTv^s 0 * 

£> fOi^Cl/T^fecDNAXtfSKcDNA^n- K^SsKy ^^"f" F© 

3 8i#, *4^bb) o mmmB+zmmzmx't&zinz.&v. mmmmomm 
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[0 0 0 6] 

^-^-fc^er^fci^fco £3 5T% ±12 (#ffH3 0 3 8 3 8 1 (DM 
ttW&m ttmRNAS tit &«K^&Sfi &C «fc »J itrEfc StlfccDNA CD 

fcMZ^ OsPSK0^D=E-3(-5:#5^iat MBSOD^DN A J: y>f 7 A 
^-f -feft^SU fWflWle£-£frO s P SKOD^ Aa^£#S&>^# 

f i^*»lfif OsPSKCD^^^^'J-^UU cDN 

ASr^n-^i: U^7-^M^'J £V M-l/s. >&c<fc y * n - — Z/^'^n^ 
, «^Sft&V*flg«-*>-f > hn>&^D, P S K|Mg#©£dV ABB#J£#fc 0 

T/D^- T$fcfcilB«fr&3:*l*tV*S0 -9 A/9 U (GUS) 
mte^(D$&m<D?S&fcZ&ittVf=.}lZ\?> > mmzfU^-Z-lZ, CAMV3 5S 

^n^-^-jetjijcGu s»fi-fffl«ss:»ttftife. .tor. mm^u^-tt 

[0 0 0 7] 

#3818 fc*, @2#m<Z>@e#[## 5 JCasU (-3359) - (2033 

A^>^ y-£#§gU 32 P7K;afeOsPSKOcDNA&MV\T, ^ 
- * A>f ^ y *V if - j/ 3 > ic «fc y M7^f^7'J-^^J-->^ 

lc#P>*iT^6, P S KtMgfr&n- Kt6 c DN A©fe«Se^J^i:fc^-t-g> il> 
*{c#£UTvn£ 0 ffiJff*©gej!IJK#5K:fevxT, (1) - (185 8 
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) fcME^flg«T?&5. *<Do*>. m-=t?);y<DB-frlZ (1) - (2 4 5) 

y ^ JJtf&S/tf'i-fr'*'??- Kfcif&n- KLTV>5. (2 4 6) - (1 3 9 
5) li>f>hn>T^»J, (1 3 9 6) - (1 8 5 8) P SK3- KIS«&^ 

tfjjSnx*y>T?&s 0 (1 3 9 6) - (1 5 2 1) tt, 3' ym^mm 

Wetb*. M##-6 8 0ettCTATA b o ilSfctl Sfi^ 

^I^MffiStlfe. Wt>. 1O0CAAT box. 2o©CCAAT box. 
3o©||»rf&*SJS0f (SSRE) , lo©x>/\>if-:2 7*fcSiai;&tf3o 

©Ebo xtfjaffistifc. i*ie>©BB^jtt#<©*«icfev\-c*aK:#ft > r«i: 

£ D N A ©ffiSfls # ic <fc y £^BH&o>&&tf3Mlf $ *i 5*f#*i b ti T v> § 0 

[0 0 0 8] 

H (GUS) F&#3&Lfc. OsPSKlfi?© 

5' ««#GUSrattC;&irr#»&tfc#Lfcfcr3, OsPSKl^05' 
«»H : ?-«:'£tMK«Wu C AM V 3 5 S zfU # -JgLfctC G U S *Stt£{JE*i-r 

^n=E-#-CDJ£3SBB#[tt, ffi#f*©Bii#J#-& l ica*i\ (-3 3 5 9 

) - (-1) T^3*x6£3£ffiMC«fcy*f£3*iS. ^n^-^-ll Os 

psK»te^©«^araff««*e&y, ev^t^;^ kp igi 2 

1-6 (05#1) lCfi«t^3effi^JCffl^f *. i©H!^J«, OsPSKie 
[0 0 0 9] 

o s p s Kmm*<D 5 ' ug«tt, BHw©Bj#f#-5 1 mm<Dm&}£ »; sv>bb#j 
> (-1911) - (- 1 ) T'mznzi&mmmfrbtezztzmmt 
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„ zLommt. ^(DmMmizis^xrf^x^ fp i g i 2 1 -4 (gi5#m) k 

[0 0 10] 

BBW*©SB^I#«3jc^-r % (- 1 0 3 4) - (-1) 

^-tbt©?Sftl:WSII©-ot^5 0 O s PSKI€-flCfi*tsa 

m^ii> ^©^Wcfe^r:^*^ Kp igi 2 1-3 (®5#flg) icM* 

[0 0 11] 

BBJff*©B»0##4K:^-r, (-5 6 3) - (- 1) T^^tl 

-t LT<Dffi&$:&&~?Z>Mm<D-— ot'^S. O s P S KHHS^RC 

^ammmizis^T-j'^xs. kp i g 1 2 1 - 2 (H5$d &cm<?*& 
A^B^QMis-rs. zl©bb#i«u o s p s ic & ^ t a ^ 

[0 0 12] 

69 IC^H 3 tiii^t^^. ic J: y ««S ti -5 ^^RCDt63EBB^ff *mir 

salted ^^VN^^^CDh^M^^mSiB^J^^i-sm^lcBBbT^. 
H«JCA»WK1#A, *3c. *SIS:ff^*K:J:y. ^©$>S v> 

-t&mim<?>—&ifiX^ ttife«U<t±#inSti. froT^&c#£-r<5#3£itte 
1 K:^"Ti6SBJ*afcJfc«bT 7 0 %J£iUt, ^Ktt80 %JSAJt, HIC$?£ U < 
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1*9 o%&>±<Dmm&zm-*z>o *(Dm£7u^-z-\z&^x\%. mm 

JSAT> ^tKiilOlOT, 5SKl»*L/<tt5ffljaTT?*S. * fe, -e©^^ 
[0 0 13] 

JSlc, JtfBtfW *0 s P s Kl^SSc^n^ - df - SiAUfe^7^ 5 K 
*>3tf&m(DWmfo-l:$bZ>o ^lfi#5^CfeV^T^3:, C aMV3 5 S^P^E-^-ilG 
US l/aK-dt-ate^Sr^-t-S p I G 1 2 l^^X^ F&ftMbfctf, **ilC 
RJta*lSti©'5li!!i!<, Wia:pIG12 2^7X5K, pBHOl, pB 
112 1, pBI221, pAc t— no s/Hmz> pMAT0 3 7, pTA 

700 ifeirjtpTA7 oo 2&t\ *Sfl5^!SP'eiH.ffls *it v^sffi©^* ^ 

[0 0 14] 

S/l>7LB A4 4 0 4«IS:)8V^TV^7y, -ttlJCRjfcS *l& < , & 

[0 0 15] 
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[0 0 16] 
[0 0 17] 

-f**&#0 cfttAGl (Baba et al. ,1986) 120rpm, 2 5±2r©HiP^ 
#TT?, lmg/L©S?j'nn7i;*J/8i(2 > 4-D) ^r^AnbfegfP^ 
Murashige and Skoog (M S:Murashige and 

Skoog, 1 9 6 2) Jgi6tpT\ 3S»ti2jara©|SniBT«^«#bfe. 
[0 0 18] 

CSV ADNA©ftffiMtf>^n5/ hMtit) 
CTABS (Murry and Thompson, 1980 ) SrM^T, 14 Hiilfc>f^Oc 
y^fy ADN A €:ttfflU «fflBx> F* ? 1/7-1? IC J: »J 0 
. 8% (w/v) T^n-^>f;i/_hT*(7)«^g&lCj:U^bfe„ 7/1'* U*S^ 
Ay -77— (0. 4N NaOH/0. 6N NaCl) ^"C. If tT 

#>f>i->f n>BI (A;K 7K-h^i/>h>, NY, USA) JhlCJ^Lfco 5 
XSSC, 0. 5% SDS, 5 Xf^A-fl/ hilW 5 0 0 ^ g/m 1 t^rffl 
^■DNA©»?Rrf»T?, 7>^^7>fAFDNA7^U>^7h (##^ M 
JR, B#) ^ffl^t^P^^MfcOsPSKOcDNA^MVAt, 5 0TCXtt 
6 0tW>A>f/y ^f-i/3>^|fofe. A>f -^U #V 1f-S/3 >CD^ 
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, 2xSSC5:I^t2 5°CT*1 SftmoZkftT* 3\m, tfc^TO. 1%SDS5: 
-g-tfO. 2XSSC5:ffl^t5 0 'CXlt 6 5°CT 1 5«#T'3»lfc 0 
[0 0 19] 

(4* / 1* ? 4 V - (DWmik x * V - - > ^) 

^/ADNA (50/tg) £S a u 3 A I T*B&tQK.ffi1&&BlsX. 9^e>2 
3 k b 0iH©^C^ $ © B a mH I TO ^/Ai^ (0. 3 

Ag) BamHlWEcoRI CA, USA 

) (CJ: l J^L/t^^fcEMBL3^^^-0BamHIMAjfAU 3f#/\° 
y & I I I ijf — ;i/ y *r—Vy V *i 9 9 h Uh7^^-» lC<fcy& 

»&A>£o 32 P7^M/feOsPSK0cDNA^^T, 7^-9/\4'7V # 

-fif-i/a^tcj; yy; 1**5 4 -7 s ? y-£x? u /w :7U *>f i? 

[0 0 2 0] 

(it ^ * n - r. y >f & Z$ D N A IE#J&5£ ) 

/ a * n - y (Dmmmmmm * > ^mjstty^ma>mmmmit ic «t y fx 

ofco O s P SKl^^flt^S 1 i/'J - X©i^^, »tt7 7-y©-r3 
A*e>flJ*JHJLT, 4f;i/*e*t«U pBluescriptll-KS (pBS) 

Ufc*n->#£j*Lfc. ^Sbfc»T^S:^tfy^X$ K&*»Bf#JMl 0 9 

(7^7>f KA>f t^XrAX, :7#X#-, CA 
, USA) £MV>T, ZimaiDNA©BB#IS:&j£U AB I^UXAS 1 O^x 

[0 0 2 1] 

Mip© O c $tttlM J: y ftlfli L fc± R N A3fcrJf5* -AGCAGGAGGAGAGCAAGGCATAGGAGG 
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CAGAG-3'©@2#I£;e-r&3 2i^^(Z)^'^-rv-$:M#©^^CMV^^ 0 Z.<D7 
7>fY-ttO s PSKCDcDNAtHcfcVM:, ATG|$&3 K>©3 2 i^ST^ 

1 OU0T4/K'J55^ 1^2*-^ K3f:J— 1? (#:27^) %.T$3 0/tCi® [ r - 
32 P] ATP (3 0 0 0 fiC i/mmo 1) IZ J: y ^Mfcbfc. 5fcSg«:^'<;i/ 
ffcL£^-f 1 0 g®±RN At, 6 0ttl^7--;Hfc o ^ 

2BC7>2;& (Sambrook et al.,1989) JCcfcy, 2 OUC^n^^^X^SMf 

^JSSr^Tofco Sl7ytr>^OfcftlC, OsPSKS^»3. 6 k b CD 
E c o RIiMOT7KMfc^5>fT-^ -*«DNA^|«t6I» 
T^SbL 3 1 5 b pOWf/t&fljyffil/T, Pst n:j:»JMbtDNA^ 
Sl^n-^ilbt^Mtfe. 3 0 /t g©±RNAt 6 0 

rrvWyU 3f>fXL, -£©«K:*©3&-&?||«:3 0 0217 h/m 1 COS 1 * 

[0 0 2 2] 

P I Gl 2 l^Xi* Kli, #U y^U-^EIf-f ^^-f;i/X (CaMV) 3 5 

jK-^-jt'fe^Sr-^tLTVNS (Akama et al.,1992). ZLGDC a MV 3 5 S - 

y V2*V* 77i/i>^ (A. tumegaciens) ©UHlfift'efct&SK 
V> (Ohta et al.,1990) „ p IG1 2 1 tt#^V>f ^>Wtt»fitf-£:^LT;J3y 

Hindi I I-XbaliCj; »J * £ £ «fc y, C aMV 3 5 S^n^E- 

^-^i^t^rh^T^-5 0 ospski^©5* mm&&<Dm*<z>mRz 

, /Ht'J-K^^-ODHindl I I-Xba HK«tC#A"r«*K: J: »j, * 
^7ife??:i^Lfe n OsPSKl^®5' Iifi*ffl24 1 b pfflP s t 
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I — B g 1 I I$TJt£. p B SO^fflP stl-BamH I 2 U - — 

yWfco -e©»r^r$:. pBS-l A^Hi ndlll -Xb a I tCi y-fcjy ffi 
L/T, ^n^E-^-Sr^^bfe, p I G 1 2 1 <DmM<Dm$L<Dm^V U--ls ? 
b, pIG121-l&fibfc c EcoRV-Bglll^^ pBS 
-2ft3fc©6 6 2bp©HindI Il-Xba I zfU^ — #-£^3c 

tfcpiGi2 i©im^©^ic^A-rs^^jc<k ij, PIG121-2 *ftm 

bfc„ OsPSKife?05' ^§S<Z). 1. lkb©HindIII-BglI 
I$T#£. pBS0Hi nd I I I-B amH lMAt^n-^>^LTp 
BS-3Mtfc„ pBS-3lCffi^-r-5 1. lkbBT#£, ^n^~^-& 
#3cbkp IG1 21©Hind I I I-Xb a IfP&'S^AU p I G 1 2 1 
-3^^X^ F&tfHRbfc. O s PSKI^0 5' 2 kbCDBglll 

-Bglll^^, pBS©BamHiaM^D-->yu, pBS 
-4 &ff5§£b£:„ 87 7bp0Hi-ndIII-HindIIIffi^, pBS 
-4#e>fljyffiLT, pB S-3<Z>HC«fi^nTIB*l5*^CfeV^T»AU P 
IG121-4i:pIG121-5^1lfc 0 OsPSK03. 7kb0Ec 
oRI-EcoRlR^S:*ilT, P B S ©Hfl$<Z>«H£^* D -n> ^ U p 
B S- 5 fctf^bfe. ^"CD^p B S-5^7^$ K£H i n d I I I lC<fc ygg^ 
U 2. 3 k btf)f8T#$:p I G 1 2 1 - 3 <DmM<D$l&^*S1fetenJj\ftlz3$\i^T 
iAl, pIG121-6fcpIG121-7 $:#^bfeo 
[0 0 2 3] 

4 8) - (-1) Izmm-t&mifrT'&Zo p I G 1 2 1 - 2iC*£Abfcfe#R±, 

(-5 6 3) - (- 1) lC^1-&3B#T*ii£>£o pIG121-3(Ci 
ALfcKaitt, i^SS-^ (- 1 0 34) - (- 1) iCffi^-t^^-e&So pi 
G 1 2 1 - 4 KUHAbfcBBTafcJu Sfitf (-1911) - (- 1 ) iZftmtZ 
St$^-efeSo pIG12 1- 5iC#Abfc|ilWt pIG12 1- 4i:gIft^ 
(- 1911) - (- 1034) lCffl3-r*»##3£:£fa£«!o 
TV^, p I G 1 2 1 - 6&C#Ab£:IB3W, (-3 3 5 9) - (- 1 
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) izm^-tzmfr-e&z* PIG121-7 izmAvt=.mm$. p i g i 2 1 - 

6 HmmT*&2>tf. (-3359) - (- 1034) Kffi^-f 5gP## 

[0 0 2 4] 

LBA4 4 0 4^tfi^3>^ h£#ALfco T ?Urt9rV V 2*V *y T 

i/^yy.mfSi^ 5 0mg/L©*tY>fS/>5:^AB^Mtfit% Hf^# 
T3 0*0 7*3 HKf£W3iirfc- ^©;M£/Jn2 T*£l«>, OD 600 #0 
. 2 0»AAM^i (Yang et al.,2000) tfJCMflfOfc. ^(Cjt^otl 
. Omg/L02, 4 -Dfc^fabfciTP&MSigifeJtlC^T, 2 5TCT*3 0 
f^i&ig^LfcO cW^ 9 0mmX2 0mm©^MJJl (r^, fS, 

) <DtpT*4mi<Dffimmimmzw:ist=: 0 yu-bz/^y^ ?vA^mmv. 2 8 

a. fc. lOOOrp m-e 1 #H©5frfrfHfc (MX- 1 6 0 j&bttK T 
MA— 2 7 TZ/tfJlrU — # — : h^-) lC<fc»J % O cJWIS-feiajRLfc. O c^fffig 

SMS^tfJlCBSl, m^frizMW-t&zinz&vu&v. fOtlOOO' 

bfcO c$0&£. 1. 0mg/mlffi2, 4-D % 5 Omg/L0At7^f$/> 
, &IF2 5 0mg/ml©t7jr*^J/AS:»iDbfc, «f»<fcM S««_fe»# 

[0 0 2 5] 

(GUSffiftfflM»ilf) 

-ficsv^ Bnmwkht=.o caia*^it0«[Miei^#itfc (Jeff 

erson et al.,1987 ) 0 4 - «7 y 7 ^ y £ - D - ^Ol/? D — K ($/**T 
. -fe>h;i/-r^. MO, USA) &/gV^ Jefferson £><Z>^ft£/&&lC J: »J „ 
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GUSfgtt£5£*ft£Tyfe-r L£c Bradford (1976) (Dfi&KL&V* /l-frfr^ 
[0 0 2 6] 

(RNAc&jpji&a^-tf^yny h#«f) 

p igi 2 1-4^^^$ RCcfcy^KKglLfco cMm*. M^ofcJffi^ 
^©M^^^^^^iab^MS^^t^tCfeVNT, 0, 1 2. 24. 4 8 
7 2|f§iUc. HP*>, 2mg/L©2, 4-D©#. 2mg/L06-BA 
©2*. Xtel mg/L©2. 4 -D&£>*6-B A(Z)-?-*l-en3:, MSJgifilC»I 
Lfc„ (Chomczynski,1993) IC «fc U "9" > ~7 J\zfc h #iif£ b ifc::^ R N A ( 

l/->$)^J2 0/tg) £^tt£i*T. 2. 2M:7*;i/2»y;i/5 :: fc: F£-g-tf 1. 
2%7A'n-X^r>±tMbfe 0 ?^^T% 20XSSCt|iT% tf ;*#>f >-T4 
U>m (Pall) ICRNASt?^ Jh*&Lfc<fce>fC. g u s Alfi?®7 

[0 0 2 7] 

(o s p s Kata^® 3 tr-«) 

*»W#e>tt, ffiiA^^bfe^^f KMS?t*^5 P S K - a <Z>ffrig#: 
*3-KfS, >f *CfeW*0 s PSKCcDNASrifil^JCjjf^fbTV^S,, Os 
P SKfflcDNA{Cffi§f5^; A?D->tf)#i£lC$fc3i*>. >f %<»>f J AtptC 

SDNA7*H y hfl¥*HC<ky. D NAtf 3 © 1 o0/t> F0^3oOM4ofcM 
R**K:J:y^jWS*lS.ri:««33«3*lfc. EcoRI©WW* l J> Eco 
RI#$Uc<fcy. 5l<A>f^'J^XtSA'>K^2o, 2fctf38< :7y #V 
XtS/OKtflo^bfc (Yang et al.,1999) 0 Wy^U y htf^U 

i:ibv^TT*A^ :/u **-f Xbfci:^ EcoRi {c j: y##s*ifcDN a 
©tfn?»w<:/ K«»*«*ms*ifc. rtie>^)2o©A> Kavw :/y **>r x-r 

£Zl£«:. O s PSX0cDNA©3-f-f ^teSctHCfc^TSoTV^iWIg 
SP&J: y^$l£*l£ 0 Zl <9*& jt, £ M f 3 £#>fC, OsPSKOcDNA5' 5fc 

mzmx-rz 3 o o b p&mRzm^x. -fuy^j y tntw&ft-Dtc* j^ml 
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fc*Hlc, 3. 6kb©lo©;t>K^W*\ ittjftJfc&ttT-etu J^Lv^frT^ 
tjA^'J^Xlfc. HllC, OsPSKififODNA^n«j/hi|f5:fio 
£j^JH£^-r o Elf-£v\T, O cjffljg&J: ADN A£, BamH 

I EcoRI (U— >2) , Xbal (l^->3), Xhol ( 

l/->4) *e3HW«:fTV^ OsPSK0cDNA©5' %i3%&$t<Dtt.MUMzfU 
-^/W^'J^XSffc. ^©s^JUte:, O s P SKfcPp.-zitf-tf)St^T* 

[0 0 2 8] 

(OsPSKieWi) 
A EMB L 3 77-^>f*0 cJg*$WS<J: US§§gbfcS a u 3 A 
fcDNA^i'J, W ^ y *^>f :79y-&*8BU OsPSKfflcDNA?: 

^n-^iiLTfflv^T, *cD9>f ^y-&;** y-— ospski 

(02B) 0 02BlCfe^t, O s P SKmfc^-m KZ^ti 3-D<DtfJ U- 
>^^i" 0 ^JlbCD^ n->£, AEMBL3/3-1, 1EMBL3/5-3 
a. EMB L 3/7 - 1 rtie>©^D->«3o(D-9--/^;i/-y 
JC^SIStl, >f*0^MDNA04 5 k pJELfc©««JCfcfcymtfcbTV^ 0 
O s P S K©4V A««&tJPW»flg«©jW«f S:*&«>S©K:abfcoT, i^if 
^y 4f>f-g-S/a #SftXtJP-M©fflIIS«l3R^j»K:J:y, 3offli 

EMBL3^T-^^n->lCoVATtIPS^%H$:#^bfe (02 B) . Os 

T, BattBamHICDWliaJfil:, B g B g 1 I I (DfHRBB&fflSffi 
E I BE c o R I <DfflmBm&&$:. E V&R c o R V©fSm@PfStgp&£, H& 
H i n d I I I ©fflBSSStSPtefc. PttPstI (Z>$!IRBS&$&&* ^n^*ia^ 
t. 2 2. 8 k b<DX EMB L 3/7 - lWA&tiLtfi. 5' -Ji^fi, OsP 

^M^Sr^tf. iOsPSKl^5:^T'^5^i:*^ffi2nfc 0 

O s P S Klfe?©y ; AMI:^t 0 H2ClCfeV\T, O s P S Klfef 0|s 
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3- KS&£&llii*ai<Z>§P#T% oi^y>i4J(DP SK- a 5: n- K-T -5 
&fr*&&<DA-T*. tn^nmir 0 02 C©3 2 7 b p £§H«LfcA-fcL ^ 

[0 0 2 9] 

(o s p s K&tttom&mte&o&fe) 

o s PSK»^©s?iM$:, ^>fv-#«*«f3trjps i ^v\zy*f\z 

£jC^-f. OsPSK0cDNA05' ^SBJCffi^-tS, 3 2tlS0t';3f 
^^UjK;*? l/;T^F©?^o&:/^>f^-t LTffiV^T (04) , zf^J 
^-#S£j£«:fTofc. O c«§||HlfiJ:yttffiSnfe^RNAS:»ai: LTffiv^ 

ffi^tlfc (03) „ O s P S Kjft^^lCffijfc-f £ 3. 6 k b(Z)E c o R I 

»T>t$:mVNT3 1 5 bp©^D-yW 32 Pt7/<Mfe^7>fY-^iU 
?£V>T*P s t Iftffi$:4f-ot=. 0 *<Dmz. 32 PT?^<)]/Vt=.3 15b p©^*^" 
□ -^ITS 1 IsT-HMffiZft ofc„ ^D-^^RNAt/W^'J^ 
>LTA^S 12? l/T-1?T?a*?Ufc&lC, 1 6 2JfcS©£j*<&# 

fsrjf«ffis*ifc (03) „ 5' ^ag^»^e>y^>r v-c*fLT 

;ffl*iilft&&tt:§;T'<Z)*^£ tm— T'feofec ^CDfciMC, TATA boxCT 
Sis6 2J&glC&ttf £k O s PSK©cDNA0iU0^7-^>^ + 1 £Lfc 
c f Lt-e0^7-^li, OsPSKg?l«0 5' 3fc3gT?&££J&;b*l£: ( 
04 ) o 
[0 0 3 0] 

(o s p s Kmfc*<DF; J*m&) 

>f J % v V V U-yX EMB L3/7-1 iCfcV^T, s P S KM^^i^M 
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flHtfcflMffbfc. @4ic, O s P SKJte-T-O&MBTUi:, #tJg7 5 ;^B2#I£ 
3^1% ®4lCfeV>T, i?M5:+lT'iU TATA b o x §rE3^[T*Ho 
fc„ CAAT box. 3o©Ebox, 3O0DCCAAT box, :n>/\> 
37«*BJ#U 3oCDSSRE &TiT^bfc„ S E 

F 3 BB5U©_h©»««©J»T. #U 7f-l/-i/3>^^S, 

DNACDKJUSrifclR-tSil, OsPSKlti?tt2o0x^y> (24 5bpt 

4 6 3 b P ) iz^ijmm^nx^s^.nf)mmLf^ 0 © 2 o©x3ry>a: 

, c DN Amnt^lZ— ML. 1 1 5 0 b v<Djz^&4 > hn>#**A3*lT 
v^fco -£©>f>hn>fcte, lffS{c^#^tifeGT-AG>f > Nn>/i?-^-SB 

>=i F>©3 3 7 b pJtSSgtcKffiStifc. *fca©:n3f y>&5' K««3t 
P P - P SK (preprophytosulfokine) ©^J^^lCtg^ 

-r*n- FMse&'&A'-e^fc. pp-psK0»^icffl3t63 - KiB«fctt 

. 2 27$ ;SI©7 5 y*jg«ft*ttiS«^**I©x^ry>itiK:MffiS*l, ^©M 

Mpp-p s K©»y©4 1 75 fm^j:*j^»j, ^©4 175; 

AATTAA©BB^3^&^S/Ky 75 s — 1 6 29^^1635 
[0 0 3 1 ] 

(O s P SKi!fc^tf>5' -±8fc1g«©Jf#e) 
O s P SKI^CD5' ±a&««#, fffi©*!^©^^©^©^-^ 

ttffiH¥««%^LTv>s*\ tftfftsrfrofe. ^©*£m> 5' ji^m^ic^, mm 

1H«T&6■5rlBtt3^*SH : ? : 3^> c V^<o^*tlTV^S^f^Stlfc (H4) o T 
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ATA box (5'-TATAA-3' ) ~Z%> 5 O £.!&£>tlZ> n >-?-XfB#I#- 6 3 

8i£&C, - 2 6 7fr*>- 2 7 OODtfcflftC— ' 3©CAAT boxtf&»K f bt- 
9 0 6*^-9 1 0, -9 4 9*^-9 5 3£J:tf- 1 0 74*^- 1 0 7 8© 
3O0CCAAT box#&ofe„ J^Ufc^V^lC. AACCCA (- 
9 0 8lCfeV>T) A (A/C/G) C C C A H VIJ-XBB^IK:— L 

fee ffirm^ScdjBtSE F3f:MtS^>fXx>;\ 

>-9--©^aS^T^S (Allen et al.,1989 ) „ 8 - * * 1/*^ Kl> 

A^t-nr-i^f-?^, 5' -GTGGAAAG-3' <Z>BE^T?%o T - 1 10 5j^&- 
1 1 1 2©{£fflC##bTV^ 0 #n*:T> 3o0Ebox (a >-fe >-*r;*ffi#f : 
5' -CANNTG-3' :Pabo,1992) „ 3 O0)|£$T/£:frj5J&H^ ( S S R E : 5' -GAGACC-3' 
:Resnick et al.,1993) , £ «fctfV*< oj^CDtfy JgLHJ^, 5' 3t$M£lC% 

[0 0 3 2] 

(^3Bt««jWliaWK:feW5 0 s PSK::GUS^7ieMa) 
O s PSKfB#f<Z>3£3llCifrH&5' ±WLm&}$:®:j£-tZ>fclblZ, pIG12 1 
^7^5 K*0C aMV3 5 S^D^-^-t OsPSKl^05' MWZ 
&&~?Z>m*<DmKtzWi%WkZ-t=. 0 OsPSK->f>hn>-GUSn 
h^? h<Z)^jt$:^-r„ 05lCfcV^ -#±0@^Os PSK©5' ±ffi 
ilfflt»$>y, *9»H : ?-©tfctt«:3* , r. ^<Z>"RC, GUSS^ 

) tii&^Lfe, 5* ±^mm c±m) &^tfn>* h^* & 

EF3B, $^ift#^&fCT-&£ se f zi^^^x^y;\y^-\zm^-t^^L 
•V&V. EC Sttx>/\>-9— 3TBJ^IT?*»;, S S RE&!^/S>bMJSH^ 

m^mzffiAhfcmKZm-t. m&nybu-ivtisT. caM 

V 3 5 S?U=E-$ -*&Zi^ 5t;<Z>p I G 1 2 1 fcffl^fc (Ohta et al.,1990) 
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3tmi&±T*mmL%L (Yang et al.,1999) „ -Ztl^tKDzi >X h =y V Y KM It 
, 5oJ^±©3fi5ibfe^K«Sl^n->lCo^, GUS77t^^ofc (Jeff 
erson et al.,1987 ) „ Zltl £>©7 V t4 (DtiggzZm 6 lC5t"r o GUSJSffitt, 

[0 0 3 3] 

PIG121-1, pIG121-2, pIG121-3, pIG121— 4 
, PIG121-6®, 5oCDOsPSK--Y>hn>-GUS^7^^K^i 
HSU ft*OGUS?gttlc£i5lfc3tiS, OsPSK05' _fc«fcffi#I©«*tCD;5 

^Lfco iftn>hn-;i/t^s^IiIMtii, GUS?Stt©«35S:ttffi 

■e^JSi^ofc. OsPSRl^®, «=kM^5' ±«i«fett«pIG12 
l-l^X'Kit TATA b ox^KllilBHWtg^fcJgfenSH^&^L/ 
T££f\ GUSfStttffttifi^ofe. I^CDGUSffitttt, pIG121-4 
ncfeV^TI^Lfe. p I G 1 2 1 -4 ©tf»lCtt, S S R E £^tf 5 ' 

OsPSK©5' liWSp I Gl 2 1 -GlZ&Vm'g.&mVfcmm*, P 
IG1 2 1 -4 K«fc ^IIsibfeiiillligOGUS^tt^b^ 
[0 0 3 4] 

P I G 1 2 1 -3 p I G 1 2 1 -4 ft(DO s P S K 5' _h$?B«c© 
Bglll-Hindlll Wftf-tfUC^T, x>y\>-9--il?Stt5:^-r^«rig 
tt^Mfc-rSfetolC, pIG121-4 i:tiS5#©*lRr^B gill-Hind 
I I.I WTtf&^T?V*S, pIG12 1-5y7^$F&filfc 0 r<DH>X 
h^* MCfc U^ft^Lfc^tf) GUSH'S fcL p I G 1 2 l-ATZJ&fffiMk 

vr^mmtitmLx. mm\zm&&fe-r\sx^iz. (®6) „ piGm-etf 

CD2. 3kb©EcoRI-HindII Iilit p I G 1 2 1 — 3 cflC^foJ 
£lC#Ab£p I G 1 2 1 - 7*,*fe«gibfc. p I G 1 2 1 - 7^^X^ Ftt 
, pIG12 1- 3fe<fc{;pIG12 1- 5t^0GUSjSft^bfe o ZL*l 
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bought. x>;\>t-g^i^Gu sft&vmmzm-zvT&v. ZCD 

[0 0 3 5] 

O s P S K 5' ±$HMi£<DffiffiTlZ$>Z>GU S U^-^-lG?OGUS?Sft 
tt, ^IlibfcO cttflStfTOC aMV3 5 S ^U^- &-\Z <fc UM»StlSG 

[0 0 3 6] 

^S^SIb^O ciWjSJCa3V*T#.3fett©:7 7>f b^l^^tf, O s P SK: :G 

fTofeo 2/ > (lmg/L©2, 4-D) S:t>VX^>T h:*7-f- 

> (1 mg/L©6-BA) ^MSmmzmMLX. pIG121-4^7X5 

KJcj:y^3gt«giLfco cmm&wmisiL. g^o*>^e,±RNAS:#i 

U JWrfuy h8?#r£*Tofco B7jc % pIG12l-4^Ab^II£ 
f&O cUMBKUSW-*, ^*tt*-*2/>XOP-9->f h*>f ^>lCj:SO sPSK^ 
n?-?-0ffl|^t. BI7 {C&^T, MI»gusA mRNAU^ 
&;f>^Qyr-f >yjCJ: ytfefflL GfeWK y^y-v^/RNA?:if 

^tf/Xii-tf^f h3&-f->lcJ:S«l3ffilfeOI$K|fe (l/->0) . 1 2B$ra& ( 1/ 
->1) . 24M (l/->2) , 4 8lHft(l/->3), 7 2M (b 
->4) CigjRbfc. H7W:, ^RNA$r-etl€tl©if V^A^ftffiU GU 
S3- K««*-^t?P I G 1 2 1 ©, Jfc&f-^MfcbfcXb a I - S a c I 
fcA>f^y >3:fTofc#g*T?&$. EI V A » 2 m g/L© 2 , 4- 

DSrMS^^mitlL/^^T'fey, 2, 4 - Dgyffi&W&bfctfe 1. 2 
, GUScDmRNA^^Wi^glCifitJU 4 8 B£|SI*e** Kfl/lCj£Ufc (0 

7 a) „ H7 Bti2mg/L©6-B A&Ms««iK:ieanufcj!e*'e*>y, Os 

PSKxGUSl^C^tt, 6 - B At 2 4 B3M34&«Lfc«T?fcifia3*lfc 
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4 8mmmzGu sm^mm&m'ptfwbfricm&zftfr (07B) . 07 

Cttlmg/Lffl2, 4 - D£ 1 mg/L®6-B A$:MSMlCttlfc^ 
&ofc (07C) . frm&(D7t-*r is > Rtf h% 

^=.y<Dnmi)K o cJg^nafl&ttncfc^To s p s K(Dmmzm i &-tz>»sife&$: 

[0 0 3 7] 

^l§^#e>li, >f^Oc^#M^e>, OsPSK©cDNAO«$:fToT 
V>5 (Yang et a 1., 1999) „ «|B»#;fttf8MBfc«©ffl3&J: »J, OsPSK©c 
DNAlt H« J: »J H £ *l Ftt^JBH^T?* 5PSK-a DtttSft % 

3- KL/TV^S^^fefEWLfe. ##§t8lC&V>T> >f*0OsPSKI^SHI 
J£U 4ttt»«fS:ffofc. tf>^ny h»*fJ:y, OsPSKiif^lf-® 
ifeTOSrt^^ofc (HI) . #i$tlitOsPSKlfem cDN 
AlCffilM-rS 2o0i^fVX JSlX^zK^^ > hn^J: »Jj«« (02) 0 -€-©>f 

©x^fy>tt, 5' #n-Fffi«&tf, PP-PSK (preprophyto 
sulfokine) a- Fflg«*»&j£»K f©3- FM^te 

S/^^^K (Von Heijne, 1986 ) i: IT^fflt § fcJ&;foft6 2 2 7 5 J Wt 

&£i*£3St&«5^&3 5 (Nakai and Kanehisa,1992 ) PP-P 

feU, ?Sttffl©P SK- a #l/-fe>f* Ffc LTftUfTSfrfcl/tl&V* 

[0 0 3 8] 

-f^Oc^flgli, lmg/L©2, 4 -D&aS}flIfbfcMS«%±XttMS««I 
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£^t. p sk- a<D^m.jkx$&m¥mmmv>mmz&^T. j *o cmm*^ 

ftfrmttT* #2gf£#£>&^LT^£: (Yang et al. ,1999;Yang et a 
l.,2000 ) „ #§f^C;J3^T, OsPSKlfi?©5' ±%Lffim £ >f > h □ > - 
GUSl/^-^-I^ (Ohta et al.,1990) £ ^m^^t^Zfy^ ^ 
L7t 0 fffl-f>hn>-GUSl/^-^-ie?lt GUS^3-Ft5S^J© 

V^ 0 CaMV3 5S^nf-^-0WT{Cg^ci:§, >f>hn>-GUS 

'&bnfe<Diim&~£%>^f=. (Ohta et al.,1990) „ 3£tC. >f>hn>lC<kUGU 
SM5:WtSlf^MA\ >f *ffllfilCfeV>TS*?)e>nTfe *J (Tanaka et 
al.,1991) , ^-tia-r^ hn>-GUS l/JK-^-^^-tt-f ^^ijg^C^3V^T^ 

©S* ©Si* tf> 5' _h^^$:ife^-r-5ri:icj;y, ft^CDGUSS&tt^lC^ 

*/hoo s p s k 5' ±mmmt> m^m&&fr*> i. 9k b±mc&m 

Stlfc (03) . 7£»J|£mbfcOc£|Hj^iC^T&;i:, CaMV3 5 

mmizis^T tt-mmfc* <d Wf&m & mm & mm* % & / «r« » & ^ n^-#-£ 

[0 0 3 9] 

OsPSKl^©5' _k^«Wci3V>T. M^H^T'&SEEfcltf)^-:? 

#v%<o^jt,ffi$*ifc (03) 0 o s p s K^n=e-^-©lt»if 

CCA AT box^3o#4bt^5ri:T^5. CCAAT boxH C 
C A AT b o x/^>J\>V-1£&m&W-h v ti£&'tZ>mmT*2bZ> (Ryden and 
Beeemon,1989) o jgic % 3oOSSRE^OsPSK05" Jt^MigHC H ffi £ ^ 
fe. SSREH ft£M&C;!3VNT^IbTV^, t: h jt^CO ^ < -Dfr(b-f D 

^0?^a X^RKSI^H^JS 1 (Resnick et al.,1993 ) tf$>Z> B ZL 
COS SREJiDNA^gaiilffiS^U »«rJS2j£j&ttK:&3£T?&<5. 3 
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n^^mmm^^/ux^^m^^m^^^tiz^ y, gu s&mmtfi&T-? 

tvOMIil (06) Zltiti. ^ti^S^^HIgSfCO s P S K(Z> 

E b o x#0 s P SK05' ^feW$,\Z$M\sX^Z>o E b o x tt, 
XlB#Il?&<55'-CANNTG-3' $:tLT^'J, &5 ? ^^©is^H^-©Sg§»&"e£> 

tSIil^T'tS (Li and Capetanaki, 1994) . Gbox (5' -CACGTG-3' ) S^- 

V^dfctfaSStlTffrTV** (Baker et al . ,1997;Dolferus et al.,1994) „ P 
<D#UU7J fls^M : &tg$Q-tZ> (Yamakawa et al.,1999) „ ^tltt, PSK-a 

[0 0 4 0] 

8 -5t# I/*"*- K3i>/N>"9— nTftl^^' — 7*e*SGTGGAAAGj^, O s P SK 
©5' ±«fig« (0 3) tC^pfcLTV**., -e©x>7N>i?--nT«iB^J«. ®E*tJ 

«^»ttfc«ttK:*till3-e:S (Weiher et al.,1983) „ i>A>t-n7i^J 

bTV*<5 (Hata et al.,1987) „ -€-©:n://N>1f— HJTUHu 9 

-□Ti^f-? Sr^ifx OsPSKI^©1. 9kb(D5' _t$fsM*g5ctt, * 

KSILfeOcJBIfi (H5) tf»T», C aMV3 5 S-Zn^E-^-ilit^Tt;, J: y 

iftv^igtt&^ufc. o s p sKXtmttiz&v&^z/nyv— zirm^^-yit 

, O s P SK::GU Sjftfi^COlft V"<;i/©$8JKlC;i3V^, ^e>^©»l6W!9!SIS: 

fee 
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[0 0 4 1] 

\st=.T*s^ifx<DmmMM$ i iz-&^T. i i/>tn^6-BA©i 

###&LTV^h£lC;£ti\ P SK- <*#£j&Lfco d *i £ 0*4^*;!/^ y<D 
v^fr;fri&ifcJ:»jl&fr*ifee>> P SK- a©TO^^Hli^!«6 6>ti^^ofeo 
fttt, PSK-a©41fCtt, tf--3rS/>fttf'9->f h:fr>f->©M##je?!f&ll 
"e#>5Zl££*tLTV^ (Matsubayashi et al., 1999a ) „ ;£3&BJ!lCfc V^. ft 

V%T, OsPSK::GUSl^©^5:MtSii:^Lfc (07) „ ^5fc 
[0 0 4 2] 

(1) Akama, K. , Shiraishi, H. , Ohta, S., Nakamura, K. , Okada, K. and Shim 
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GAATTCCTGG 


TTTAGTTTTC 


TATTAGTTGG 


GCACAAGATC 


ATAACTGCAG 


TATTGTATTT 


-3300 


AAGATTCAAC 


ACAGGTTCAA 


TTTGTCACAC 


CCTGTAATTT 


GGCATCTACA 


ATCTGAAAAT 


-3240 


GAATGGCTAA 


TCAAAAGGCT 


CTGAGCACAC 


AAATGGCTAA 


TTTCTTCCAT 


CTAGTTGAGA 


-3180 


AACCTTTCAA 


TTATACAAAT 


GGAAAAGATA 


TGGATGTGAT 


TTGTGGGCTG 


AAAACCCTTT 


-3120 


GATAATCAAC 


AATTGTTAGT 


GCCTTCAACT 


TTCAATGCAC 


CCATGTTTTC 


TTGTTACGTT 


-3060 


TGCAAGATCA 


AAACAATGTT 


GGAAACGTCA 


TCTCGCCAGG 


TAAAGCAATG 


AATGACGACA 


-3000 


ATTAAGAAGA 


TTTTTGCTCC 


TGAAGACTAC 


TAATGATGGA 


TATTAAGGGT 


ATAATAACCT 


-2940 


ATCCAGGATT 


GTGATGTTCA 


ATCCCCTTGT 


AGCATACCTG 


ATAAGTGTGG 


TGAGTTAAAA 


-2880 


GCAGTCCCAT 


TTACAAAAAG 


AAAAAGGAAG 


GCCCATATCT 


AGCAAAAAAA 


ATAGACTGCA 


-2820 


TACGTATAGT 


TGTTTGTGAA 


AAAGTTCAAG 


ATGCATACAA 


GCCGCAGTTT 


TCTTCAGATA 


-2760 


GTGTGGCATC 


TTCTTACTTC 


AAGGAAAAAA 


ACATTATGCT 


AGTTTGGAAA 


TAACTTCAAA 


-2700 


TTTGTCCCTG 


TGATGGAAAT 


TAAACCATTG 


GTAAGTAGTC 


TAGCAATATC 


AAACTTAAGG 


-2640 


TGTGTGTTGC 


ATATGAATTA 


GGAAAAACCA 


TGTCAAACCA 


ACTGAAACCA 


AGGAAAATCC 


-2580 


ACCATACTAA 


CATACTTAAA 


TACCTTGAGG 


TGAGAAACAT 


ATAAAGCATA 


CAGAGAACAT 


-2520 


GATTAGTAAG 


AATGACGAAG 


ATAAAATACA 


CTAAGGTAAT 


TAGGGAAAAC 


AGCAAAGTTC 


-2460 


ATTTGGACAT 


TTGATATCAT 


GGAAAGCTAT 


AGAAAAATGT 


GTACCTTACA 


GACCGAAATG 


-2400 


GAAAGAGTCC 


ACGATAAAAA 


GTCATTTTTG 


CACCATTTTC 


CATTGTAATA 


CTTATCGAGA 


-2340 


CAAATTTATG 


CGCGCACCTT 


TTTTCCCCCA 


TCCATCCAAA 


TAAATTTTTA 


TTGGTAAAAC 


-2280 
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TTGTTGCTTT 


ATGACAGCAG 


GAAGTATCTT 


TTACAATCTA 


ATGTACCCAT 


CAGTACAATA 
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TTCTAGTAGT 


ATATCTACAA 


CAAAAATAAA 


GATCAAGGGC 


ATGCTTGGCA 


CATAGAATTT 
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TGTATGGAAT 


TAGTTCAAGT 


CATTTGTTAA 


GCACATAAAT 


TTGGCAAAAC 


TCTCATCTTC 


-2100 


CAAATTAACC 


TTGCAAAATT 


TAACCAAGAA 


AAACTATATA 


CTATCATCCC 


GTTCCATGTC 
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CTTCCTAGTA 


GCAAACTTTT 


TATGCAACCA 


TTTTTTTTTC 


TCGACAGGGC 


ATTATTCGTG 


-1980 


GTTACTGTGT 


GCATTAATAG 


CATTAATAAC 


AGCTAGCATG 


TGAGCCTGTT 


ATTAGGGGTA 
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GGCAGAAAGA 


TCTGAACCGA 


AAAGACCGAC 


ACCGAGTAAA 


TTTGGTCATC 


AATTCGGTCC 


-1860 


TATATAGTGA 


AAGACCGAAC 


TTTATTCGGT 


CAATTCGGTT 


AGTCTCCTCG 


GTTAACCGAA. 


-1800 


TAGACGAAAG 


ACCAAATTAA 


CAAAAAAAAA 


ATCTAAATGC 


AACCTACAAT 


CCACCAAGTT 


-1740 


CAATATAATT 


AAACTCTAAT 


TTTCACAGCC 


CTACTTCTTC 


TAGGCATGCA 


ACGTAATAAG 


-1680 


AGTCTTTAGT 


CATACGTGCT 


TATGGATTTG 


TTTTGTGATT 


TTTGTGTTAA 


AAATTTCCAT 


-1620 


TATTTCTTTG 


CATATATGAA 


AATGTTGCTG 


AATTTCGGTC 


AGACCGAGAC 


CGAGACCGAA 


-1560 


TTTGTCGGTC 


ATGATATTTT 


TTGCGTTGAA 


ATTTGGTCTT 


TACTTTTCGA 


AGATCGAGAC 


-1500 


CGAATATTTC 


GGTCAGACCG 


AATGCCCACC 


CCTACTTGTT 


CTCTCTATAC 


CCATATGTCA 


-1440 


ATAATAATTA 


TTATTATACT 


CACTCCGTTC 


TAAACTATGA 


GGCACTTCCT 


TTTTAATGAA 


-1380 


AAATCAAACT 


CGATAACTTT 


TAATTAAAAA 


TAATACTAAT 


ATATACTAAA 


TATTATGCAT 


-1320 


GTTATATCAC 


TATATTTATA 


TTTTAAAGTA 


CTTTCATGTA 


ATGCTAATTT 


CATATTCGTT 


-1260 


AAAATATAGA 


TATTATAATT 


CAAGATGGAG 


GAGTACAACC 


AAACAGTAGA 


GGATCCACTT 


-1200 


CCTCTTTATT 


TATGCCAAGT 


TATTTTAGAA 


CCATGCTCCA 


CACAAGACAC 


GCACACATCG 


-1140 


CATTGACATG 


TGTTAATTTT 


GTTTCGTGTG 


GAAAGGCATG 


GAGGCCGGTT 


CCCCACAATG 


-1080 


TCCAATCGCT 


GCCAACTCTG 


CGAGTAGAGA 


AGGGGGAGGA 


ATGGAAGCTT 


GTGCATGGCC 


-1020 


TAAACACACA 


CTTTGACACT 


TGACTTTGTG 


TTGGAATCCA 


TTGATTAGCC 


GCTCAATGCA 


-960 


GCATCCCCAA 


TGCAGAGGTC 


TCCCCTCTAC 


TCCTAGCTCT 


TTGCAAAACC 


CAATGTCCAC 


-900 


CATTGACTTC 


AATTTCTCAG 


TCTTCCTTGC 


TCATGTCTCC 


CTTGCCCTTC 


TCTCAACTTG 


-840 


GGTCAACTTC 


ATTAAATTTC 


TCCCTTGGTA 


TGTGCAAAGG 


CTTTGAAGGT 


GTAGGCCTGG 


-780 


TGCAAACATT 


GCAAAGTCAA 


AATGTACGGT 


ACGATGCATC 


GATTTACTGA 


CATGGTAATC 


-720 


TTCCCGATTC 


CCGTGTAAAT 


AAACTACTAT 


TTCATTCGTT 


TCATTTATAA 


GATGTTTTAA 


-660 


TTTTGTTATG 


GGCCAAAACT 


TGCTTAACTT 


TGACATAGTT 


TATTGAAAAA 


AAATAGGTTA 


-600 


GAAAACTTAA 


ATTCAGGAAA 


AAAAGATAGG 


TGAGATATCC 


TAGTATAACC 


ATCTTGGTTT 


-540 
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GGTTAAGACA TGCCTTAGAA TAGACGAGTC GGTCGAAACG GTCAGAATCG GTAGCGTCCC -480 

TTTAGAAACG ACGCTCAATC GACCTGTAAT TGACCGTATT TATCATTTAC AACATTAATA -420 

CAATGCAAAA AGAAATTAGA AATTTTTTTA TAAATAGTCA AAAATGGTAC GCCAGTCTAT -360 

CGGGAATTTA TGTGACCGTT TTCACCCCTA TTCGAGTGCA TGGGCACTTG AGTTGTAAAA -300 

TTGACTTGAT CGAGATACCA ACGTATATAC AATTTACACA TCGAATTGCC GGGAAATTGG -240 

ACTTTGAGAT CATTTTAGCT CCCCAAGGCG ATCCACACGT ACTCTACCAC AAAACTTTGG -180 

TTGTTTTTGC TATCATCTCA AGGCCACTGC AGCATGCGCA TTGCGCACGT ACGAGATGCT -120 

ACTCTTTCCA AGGAACCGAT GTCTCTCTCT CTCTCTCCAG CCTCCATTGC TTATAAATAT -60 

GTTCCTCCTT CCTATACTGG TAATGGCAGC AAAGCAAAGA AACAAAGAAG AAGAAGAAA -1 
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CAAAAAAAAA 
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ATTTGGTCTT 


TACTTTTCGA 


AGATCGAGAC 


-1500 


CGAATATTTC 


GGTCAGACCG 


AATGCCCACC 


CCTACTTGTT 


CTCTCTATAC 


CCATATGTCA 


-1440 


ATAATAATTA 


TTATTATACT 


CACTCCGTTC 


TAAACTATGA 


GGCACTTCCT 


TTTTAATGAA 


-1380 


AAATCAAACT 


CGATAACTTT 


TAATTAAAAA 


TAATACTAAT 


ATATACTAAA 


TATTATGCAT 


-1320 


GTTATATCAC 


TATATTTATA 


TTTTAAAGTA 


CTTTCATGTA 


ATGCTAATTT 


CATATTCGTT 


-1260 


AAAATATAGA 


TATTATAATT 


CAAGATGGAG 


GAGTACAACC 


AAACAGTAGA 


GGATCCACTT 


-1200 


CCTCTTTATT 


TATGCCAAGT 


TATTTTAGAA 


CCATGCTCCA 


CACAAGACAC 


GCACACATCG 


-1140 


CATTGACATG 


TGTTAATTTT 


GTTTCGTGTG 


GAAAGGCATG 


GAGGCCGGTT 


CCCCACAATG 


-1080 


TCCAATCGCT 


GCGAACTCTG 


CGAGTAGAGA 


AGGGGGAGGA 


ATGGAAGCTT 


GTGCATGGCC 
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CTTTGACACT 


TGACTTTGTG 


TTGGAATCCA 


TTGATTAGCC 


GCTCAATGCA 


-960 


GCATCCCCAA 


TGCAGAGGTC 


TCCCCTCTAC 


TCCTAGCTCT 


TTGCAAAACC 


CAATGTCCAC 


-900 


CATTGACTTC 


AATTTCTCAG 


TCTTCCTTGC 


TCATGTCTCC 


CTTGCCCTTC 


TCTCAACTTG 


-840 


GGTCAACTTC 


ATTAAATTTC 


TCCCTTGGTA 


TGTGCAAAGG 


CTTTGAAGGT 


GTAGGCCTGG 


-780 


TGCAAACATT 


GCAAAGTCAA 


AATGTACGGT 


ACGATGCATC 


GATTTACTGA 


CATGGTAATC 


-720 


TTCCCGATTC 


CCGTGTAAAT 


AAACTACTAT 


TTCATTCGTT 


TCATTTATAA 


GATGTTTTAA 


-660 


TTTTGTTATG 


GGCCAAAACT 


TGCTTAACTT 


TGACATAGTT 


TATTGAAAAA 


AAATAGGTTA 


-600 


GAAAACTTAA 


ATTCAGGAAA 


AAAAGATAGG 


TGAGATATCC 


TAGTATAACC 


ATCTTGGTTT 


-540 


GGTTAAGACA 


TGCCTTAGAA 


TAGACGAGTC 


GGTCGAAACG 


GTCAGAATCG 


GTAGCGTCCC 


-480 
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TTTAGAAACG ACGCTCAATC GACCTGTAAT TGACCGTATT TATCATTTAC AACATTAATA -420 

CAATGCAAAA AGAAATTAGA AATTTTTTTA TAAATAGTCA AAAATGGTAC GCCAGTCTAT -360 

CGGGAATTTA TGTGACCGTT TTCACCCCTA TTCGAGTGCA TGGGCACTTG AGTTGTAAAA -300 

TTGACTTGAT CGAGATACCA ACGTATATAC AATTTACACA TCGAATTGCC GGGAAATTGG -240 

ACTTTGAGAT CATTTTAGCT CCCCAAGGCG ATCCACACGT ACTCTACCAC AAAACTTTGG -180 

TTGTTTTTGC TATCATCTCA AGGCCACTGC AGCATGCGCA TTGCGCACGT ACGAGATGCT -120 

ACTCTTTCCA AGGAACCGAT GTCTCTCTCT CTCTCTCCAG CCTCCATTGC TTATAAATAT -60 

GTTCCTCCTT CCTATACTGG TAATGGCAGC AAAGCAAAGA AACAAAGAAG AAGAAGAAA -1 
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CTCTCTCCAG CCTCCATTGC 


TTATAAATAT 


-60 


GTTCCTCCTT 


CCTATACTGG 


TAATGGCAGC 


AAAGCAAAGA AACAAAGAAG 


AAGAAGAAA 


-1 
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< 2 1 0 >Bi#J#-& : 4 

<2 1 1 >mn<D^ : 5 6 3 

< 2 1 2 >se#i<z>M : mm 

<2 1 3>jg$t : ^f^OcIfi 

< 4 o o >mm 



-563 






ATCC 


TAGTATAACC ATCTTGGTTT 


-540 


GGTTAAGACA 


TGCCTTAGAA 


TAGACGAGTC 


GGTCGAAACG 


GTCAGAATCG GTAGCGTCCC 


-480 


TTTAGAAACG 


ACGCTCAATC 


GACCTGTAAT 


TGACCGTATT 


TATCATTTAC AACATTAATA 


-420 


CAATGCAAAA 


AGAAATTAGA 


AATTTTTTTA 


TAAATAGTCA 


AAAATGGTAC GCCAGTCTAT 


-360 


CGGGAATTTA 


TGTGACCGTT 


TTCACCCCTA 


TTCGAGTGCA 


TGGGCACTTG AGTTGTAAAA 


-300 


TTGACTTGAT 


CGAGATACCA 


ACGTATATAC 


AATTTACACA 


TCGAATTGCC GGGAAATTGG 


-240 


ACTTTGAGAT 


CATTTTAGCT 


CCCCAAGGCG 


ATCCACACGT 


ACTCTACCAC AAAACTTTGG 


-180 


TTGTTTTTGC 


TATCATCTCA 


AGGCCACTGC 


AGCATGCGCA 


TTGCGCACGT ACGAGATGCT 


-120 


ACTCTTTCCA 


AGGAACCGAT 


GTCTCTCTCT 


CTCTCTCCAG 


CCTCCATTGC TTATAAATAT 


-60 


GTTCCTCCTT 


CCTATACTGG 


TAATGGCAGC 


AAAGCAAAGA 


AACAAAGAAG AAGAAGAAA 


-1 
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< 2 i o >m&m^ : 5 

< 2 1 1 >@H?IJ0>:R£ : 5 3 9 2 

< 2 i 2 >mwe>m : mm 

< 2 1 3 >mm : ^ o c mm 

<4 0 0>gB#f 
-3359 



GAATTCCTGG 


TTTAGTTTTC 


TATTAGTTGG 


GCACAAGATC 


ATAACTGCAG 


TATTGTATTT 


-3300 


AAGATTCAAC 


ACAGGTTCAA 


TTTGTCACAC 


CCTGTAATTT 


GGCATCTACA 


ATCTGAAAAT 


-3240 


GAATGGCTAA 


TCAAAAGGCT 


CTGAGCACAC 


AAATGGCTAA 


TTTCTTCCAT 


CTAGTTGAGA 


-3180 


AACCTTTCAA 


TTATACAAAT 


GGAAAAGATA 


TGGATGTGAT 


TTGTGGGCTG 


AAAACCCTTT 


-3120 


GATAATCAAC 


AATTGTTAGT 


GCCTTCAACT 


TTCAATGCAC 


CCATGTTTTC 


TTGTTACGTT 


-3060 


TGCAAGATCA 


AAACAATGTT 


GGAAACGTCA 


TCTCGCCAGG 


TAAAGCAATG 


AATGACGACA 


-3000 


ATTAAGAAGA 


TTTTTGCTCC 


TGAAGACTAC 


TAATGATGGA 


TATTAAGGGT 


ATAATAACCT 


-2940 


ATCCAGGATT 


GTGATGTTCA 


ATCCCCTTGT 


AGCATACCTG 


ATAAGTGTGG 


TGAGTTAAAA 


-2880 


GCAGTCCCAT 


TTACAAAAAG 


AAAAAGGAAG 


GCCCATATCT 


AGCAAAAAAA 


ATAGACTGCA 


-2820 


TACGTATAGT 


TGTTTGTGAA 


AAAGTTCAAG 


ATGCATACAA 


GCCGCAGTTT 


TCTTCAGATA 


-2760 


GTGTGGCATC 


TTCTTACTTC 


AAGGAAAAAA 


ACATTATGCT 


AGTTTGGAAA 


TAACTTCAAA 


-2700 


TTTGTCCCTG 


TGATGGAAAT 


TAAACCATTG 


GTAAGTAGTC 


TAGCAATATC 


AAACTTAAGG 


-2640 


TGTGTGTTGC 


ATATGAATTA 


GGAAAAACCA 


TGTCAAACCA 


ACTGAAACCA 


AGGAAAATCC 


-2580 


ACCATACTAA 


CATACTTAAA 


TACCTTGAGG 


TGAGAAACAT 


ATAAAGGATA 


CAGAGAACAT 


-2520 


GATTAGTAAG 


AATGACGAAG 


ATAAAATACA 


CTAAGGTAAT 


TAGGGAAAAC 


AGCAAAGTTC 


-2460 


ATTTGGACAT 


TTGATATCAT 


GGAAAGCTAT 


AGAAAAATGT 


GTACCTTACA 


GACCGAAATG 


-2400 


GAAAGAGTCC 


ACGATAAAAA 


GTCATTTTTG 


CACCATTTTC 


CATTGTAATA 


CTTATCGAGA 


-2340 


CAAATTTATG 


CGCGCACCTT 


TTTTCCCCCA 


TCCATCCAAA 


TAAATTTTTA 


TTGGTAAAAC 


-2280 


TTGTTGCTTT 


ATGACAGCAG 


GAAGTATCTT 


TTACAATCTA 


ATGTACCCAT 


CAGTACAATA 


-2220 


TTCTAGTAGT 


ATATCTACAA 


CAAAAATAAA 


GATCAAGGGC 


ATGCTTGGCA 


CATAGAATTT 


-2160 


TGTATGGAAT 


TAGTTCAAGT 


CATTTGTTAA 


GCACATAAAT 


TTGGCAAAAC 


TCTCATCTTC 


-2100 


CAAATTAACC 


TTGCAAAATT 


TAACCAAGAA 


AAACTATATA 


CTATCATCCC 


GTTCCATGTC 


-2040 


CTTCCTAGTA 


GCAAACTTTT 


TATGCAACCA 


TTTTTTTTTC 


TCGACAGGGC 


ATTATTCGTG 


-1980 
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GTTACTGTGT 


GCATTAATAG 


CATTAATAAC 


AGCTAGCATG 


TGAGCCTGTT 


ATTAGGGGTA 


-1920 


GGCAGAAAGA 


TCTGAACCGA 


AAAGACCGAC 


ACCGAGTAAA 


TTTGGTCATC 


AATTCGGTCC 


-1860 


TATATAGTGA 


AAGACCGAAC 


TTTATTCGGT 


CAATTCGGTT 


AGTCTCCTCG 


GTTAACCGAA 


-1800 


TAGACGAAAG 


ACCAAATTAA 


CAAAAAAAAA 


ATCTAAATGC 


AACCTACAAT 


CCACCAAGTT 


-1740 


CAATATAATT 


AAACTCTAAT 


TTTCACAGCC 


CTACTTCTTC 


TAGGCATGCA 


ACGTAATAAG 


-1680 


AGTCTTTAGT 


CATACGTGCT 


TATGGATTTG 


TTTTGTGATT 


TTTGTGTTAA 


AAATTTCCAT 


-1620 


TATTTCTTTG 


CATATATGAA 


AATGTTGCTG 


AATTTCGGTC 


AGACCGAGAC 


CGAGACCGAA 


-1560 


TTTGTCGGTC 


ATGATATTTT 


TTGCGTTGAA 


ATTTGGTCTT 


TACTTTTCGA 


AGATCGAGAC 


-1500 


CGAATATTTC 


GGTCAGACCG 


AATGCCCACC 


CCTACTTGTT 


CTCTCTATAC 


CCATATGTCA 


-1440 


ATAATAATTA 


TTATTATACT 


CACTCCGTTC 


TAAACTATGA 


GGCACTTCCT 


TTTTAATGAA 


-1380 


AAATCAAACT 


CGATAACTTT 


TAATTAAAAA 


TAATACTAAT 


ATATACTAAA 


TATTATGCAT 


-1320 


GTTATATCAC 


TATATTTATA 


TTTTAAAGTA 


CTTTCATGTA 


ATGCTAATTT 


CATATTCGTT 


-1260 


AAAATATAGA 


TATTATAATT 


CAAGATGGAG 


GAGTACAACC 


AAACAGTAGA 


GGATCCACTT 


-1200 


CCTCTTTATT 


TATGCCAAGT 


TATTTTAGAA 


CCATGCTCCA 


CACAAGACAC 


GCACACATCG 


-1140 


CATTGACATG 


TGTTAATTTT 


GTTTCGTGTG 


GAAAGGCATG 


GAGGCCGGTT 


CCCCACAATG 


-1080 


TCCAATCGCT 


GCCAACTCTG 


CGAGTAGAGA 


AGGGGGAGGA 


ATGGAAGCTT 


GTGCATGGCC 


-1020 


TAAACACACA 


CTTTGACACT 


TGACTTTGTG 


TTGGAATCCA 


TTGATTAGCC 


GCTCAATGCA 


-960 


GCATCCCCAA 


TGCAGAGGTC 


TCCCCTCTAC 


TCCTAGCTCT 


TTGCAAAACC 


CAATGTCCAC 


-900 


CATTGACTTC 


AATTTCTCAG 


TCTTCCTTGC 


TCATGTCTCC 


CTTGCCCTTC 


TCTCAACTTG 


-840 


GGTCAACTTC 


ATTAAATTTC 


TCCCTTGGTA 


TGTGCAAAGG 


CTTTGAAGGT 


GTAGGCCTGG 


-780 


TGCAAACATT 


GCAAAGTCAA 


AATGTACGGT 


ACGATGCATC 


GATTTACTGA 


CATGGTAATC 


-720 


TTCCCGATTC 


CCGTGTAAAT 


AAACTACTAT 


TTCATTCGTT 


TCATTTATAA 


GATGTTTTAA 


-660 


TTTTGTTATG 


GGCCAAAACT 


TGCTTAACTT 


TGACATAGTT 


TATTGAAAAA 


AAATAGGTTA 


-600 


GAAAACTTAA 


ATTCAGGAAA 


AAAAGATAGG 


TGAGATATCC 


TAGTATAACC 


ATCTTGGTTT 


-540 


GGTTAAGACA 


TGCCTTAGAA 


TAGACGAGTC 


GGTCGAAACG 


GTCAGAATCG 


GTAGCGTCCC 


-480 


TTTAGAAACG 


ACGCTCAATC 


GACCTGTAAT 


TGACCGTATT 


TATCATTTAC 


AACATTAATA 


-420 


CAATGCAAAA 


AGAAATTAGA 


AATTTTTTTA 


TAAATAGTCA 


AAAATGGTAC 


GCCAGTCTAT 


-360 


CGGGAATTTA 


TGTGACCGTT 


TTCACCCCTA 


TTCGAGTGCA 


TGGGCACTTG 


AGTTGTAAAA 


-300 


TTGACTTGAT 


CGAGATACCA 


ACGTATATAC 


AATTTACACA 


TCGAATTGCC 


GGGAAATTGG 


-240 
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ACTTTGAGAT 


CATTTTAGCT 


CCCCAAGGCG 


ATCCACACGT 


ACTCTACCAC 


AAAACTTTGG 


-180 


TTGTTTTTGC 


TATCATCTCA 


AGGCCACTGC 


AGCATGCGCA 


TTGCGCACGT 


ACGAGATGCT 


-120 


ACTCTTTCCA 


AGGAACCGAT 


GTCTCTCTCT 


CTCTCTCCAG 


CCTCCATTGC 


TTATAAATAT 


-60 


GTTCCTCCTT 


CCTATACTGG 


TAATGGCAGC 


AAAGCAAAGA 


AACAAAGAAG 


AAGAAGAAAG 


1 


AAGAAGCAGC 


AGCAAAAAAG 


TTGATCAGTT 


AATTAGCAAG 


TGTGTTCTTC 


TTTCTTTTGG 


61 


TGAGAGAGAG 


AGAGAGAGAG 


AGAGAGAGAG 


AGATCTCAGA 


ATGGTGAATC 


CAGGAAGAAC 


121 


AGCTAGGGCA 


CTCTGCCTCC 


TATGCCTTGC 


TCTCCTCCTG 


CTAGGTCAAG 


ATACCCATTC 


181 


CAGGAAGCTC 


CTGTTGCAGG 


AGAAGCACAG 


CCATGGCGTC 


GGCAACGGCA 


CAACCACCAC 


241 


CCAGGTCAGC 


AGAATTAGTT 


CAGTATCGTT 


TCTTCAGCTT 


ATTAACCGTG 


GCCAAATTTG 


301 


AATTCTATAA 


CTTAATTTTA 


GAGTTGATGT 


GGATGTGTTA 


TTAATCATAG 


ATTATTTCTC 


361 


AACATTGGGT 


TTTATGCCGC 


TAATAACACA 


TATGTAAAAC 


CTTTACAAAC 


AAATTATTTT 


421 


TCGGTCGCTA 


ATAAGCGTTA 


CGGCTTATAA 


TTTTCCTAGT 


GAACAGTGCA 


TGCATTTTGC 


481 


AAACTTCTTG 


TTGGCTCTGG 


TTGCAACTTG 


CAAGCACGCA 


TATGCATTGA 


GAGAAGAGTT 


541 


CATACACACA 


CTGTATTATA 


TATATGTACA 


TTTGGGGTAT 


AAGATACTAA 


AATGAAACAG 


601 


GAGCATCGTG 


TTCTGAAATG 


GCGTGGCGTT 


CTTGTTTATT 


TTCAGCTTGT 


GTAATTGCTG 


661 


GAGGGCAATA 


GCATGGGAAA 


ACACTCTAAT 


CTGAATCTGT 


GACACCTGGA 


ACAGTAGCAC 


721 


CATTCTTGAT 


GGCATAATCA 


TGTCTTAACC 


ACATGTCTAT 


CGTTGGAATC 


CTGGTACAAT 


781 


GCTCCGAGCT 


GCATCGATCC 


ATCCATGCAT 


GTTACCTCCA 


TGTGTTCGAA 


GATGCTATAT 


841 


ATTTGCATAC 


GACAGGCACA 


GCTTCATGAA 


TGTACTTCGG 


CACTGTCTTA 


CCAAACTCCC 


901 


CTCCGTTTCA 


TATTATAAGT 


CATTTGATTT 


TTTTTTCCTA 


GTCAAGTATG 


ACCAAGCTTA 


961 


TAGAAAAAAT 


TAGAAACATC 


TAAAATAACA 


AACTAGTTTC 


AGAAAATCTA 


ACATTGAATA 


1021 


TATTTTGATA 


ATATATTTGT 


TTTGGGTTGA 


AAATACTAGT 


ATATTTTTCA 


ATAAACTTGG 


1081 


TCCAACTTAA 


CTAGAAAAAA 


AATCAAACGA 


CTTATAATAT 


GAAACGGAGG 


GAGAACTTTC 


1141 


GTTTTGATTT 


TCCAAAGAAC 


GACATTATCT 


TAATTTTAAG 


ACATCGTTAT 


TGTTTTTAAA 


1201 


ATAATAATAG 


GATCACTAGT 


TTCTATTACA 


ATATATTTGT 


AAAACACAAT 


AATATGACAA 


1261 


TATTATAGAG 


GTAGTACTAC 


TTTTTGATAT 


TTCCATACAC 


CCAATCTATA 


AATTGATCAA 


1321 


AGTTTCTGCT 


TCCACTCTGT 


TTCGTTCGTT 


CTTGAAAGTT 


TTCTTCTAAC 


AGTATGATGA 


1381 


TCTTGATCAA 


TCAGGAACCA 


AGCAGAGAGA 


ATGGAGGAAG 


TACAGGTTCC 


AATAACAATG 


1441 


GGCAGCTGCA 


GTTTGATTCA 


GCCAAATGGG 


AAGAATTCCA 


CACGGATTAT 


ATCTACACCC 


1501 
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AAGATGTCAA AAACCCATAA TGGCTGTTCA TTTATGATTT GAACTAGTAC TAGTAGCTTA 1561 

TACCTTCTGC GCGTCTTTTG TTCGTTTGGA GAGGGGATTT TCTTGGGATT TAGCATATGA 1621 

ACTAATTAAA TTAAATCCCA GGCAAATCCC ACTCAGCCCA TTTTGTGCAG AAGTTGTCAG 1681 

TGTGCACTGT ATAATTATTT AGTCATACAC AACTACTCCT GGTAACTACT CCTATCTTCG 1741 

ATGAATTTTC TGGTTTTGCC AGACGTGACA ATAGTCCAGT AGCATGCAGT ACCCTCTCAG 1801 

AATCCCTGTA ATTTTTAGCA AAAAAAAAAG GAAGAAAAGA AAAGAAGCTT CCCTACTTTC 1861 

TCCGTTTCAC AATGTAAGTC ATTCTAGCAT TTTCTACATT CATATTGATG TTAATGAATC 1921 

TGGATAGATA TATACTCCCT CCGTCGAAAA AAAAAAAGGC AAACTGTGGG TTCCGTGCTA 1981 

ACGTTTGACT GTCCGCTTAT ATGAAATTTT TTTATAATTA GGATTTTCAT TG 2033 
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• 3260 

tctj«a«tc«g*a«*to^t9gctttt o 6<* «gao tctgmgc« c « c ««a*^ -1160 
gqy^ityt *^ t-qg.t-gty jfjj y ^jMMMMet t tyit fltua^iMAtnttafltyiBtuMjfltt tcaatojoaeocatatt ttcttgt t«cgt t - 3060 
t9oa*Q ^traa «a ra « t g tt g^ * 4»cg*C6tcteg oc« gg t««g^ ^ -2**0 

Fttttcttssgata -2760 




cattgt— tac ttmtog>gacaaatttatgcgogc»ccttt 1 1 tcocccatocat ccaaotaaatt t ttat tagfaaaottgttactt ftg«c*goafl -22*0 
ygt* tct 1 t acMtctti tgfcooat c agta oMf t tcfg c«gt*t« tcta e >« cm— « t.— gmtCMgggcatgcttgy c a CTf g» «t tt •2160 
t^«tgg»rtt«fltto«agtc«tttgtC4«qc«c*t«^tttg a c M^ -206O 
etatc*tcccgtt!ocatgt«scttcct« qt ago— acttt t tatgcanccattt t tt ttt otcgttcagqqcattat to g t gg t tactgtgtgort taatag - 1960 
catfat — c »gct ■ g fialfltt«q°o*g*t«*t»gaggt«g Tc«T< « «g«t cta»«^ ^ - luo 

t«t«tagtg a a«B *og q*« ct tt^tCOTtO M ttoqgtt»qtctxx^cgo^**c^ -1760 
tmcctacm* cec*oe— gttc— M t— t t ««etct**ttT eqa c «gccet«etrcttctaqge«tqM»eg t Mt Mg « g tettt*gtc*ticgtgct - 1660 
tato^tttgrcttt^p^ttttto^gtt««i t ttccatt«ttwtt g totogT ftffla^Lg** -1360 

ttt^ti_-<^tcmt9>ea.rtrttrgcgttg«Mttt<ygtcttt*cttttt.Tt**g«to pqprpqo ; y»t«t ttoggtogwcottmfctgoo c acoocfattfft t -l«*o 
<rtetctat * oo aU t9te » « tnt«rt Mt ttt tataoto^ctoog ttot— a c t rt gaggoaottcct tttfmtq— atOM o tcart — ott t -1360 
tMttMMaata*tat*utet*t6et«aat«ttata^^ -1160 

ttga Mtata ttitttttatttcBt yt^wiagq crt uu i uiiumHL toe c CToaatat g^olfi^atgoaaaotctog -1O60 

«atgt«cffgt*camtgc*tC9»ttta uta ioa tag t*atct to co g a ttcoogtgt— a t a — w fcttttcmttcgtttoat tt*t— gitgt tTO i -660 
tttto*t«t g gggo*«« «re tOOTta* «t g o^ B»r«g^ -**<> 
e*gt6t6accal Bt tgB t tto^tt««o^iatgogttaoMt« g« ofl 6 g t cttgtCQ^ -*M 
gacotqt— t tgaocgf* tftcat t ttOMCt t t w Mca a tg o maagMtt tigaaa ttt tttt«Mat«g tm ■ ■ t g g fc go na gtctt -MO 
og gg — t tt^gfltyoogt tt to*oocc**t tos^g tgPM t q igggc*: tq»gttqt«M»ttg«ctt9«tcg«gafO OMr gft 1* fillttue«ci -260 

atgepct tg c gcaaegt a m^ aif i t tfc t actct ttcc«a ^ > »c o ga tgtotctctotctc t o tr*i* g nff toe>ttact lutwjut -6° 
1 1 iiTilal ■iilj i H ■■tuai ■gr w gi ■■■^■■■i mu ii ip miifliii O^UUSAACg>CC AC CJU^AAACTTCJlTC^OT»AT T*C CX AG 41 




CLALLllC QPTBS*1Cl>*.LQEKlfSftCVGIIGTT TT 
rr >nn r<M ae«Bm6tt«atrc«gt«tcatt t c t tca oet tattaau uy Lga *j C4* atttqa*t tcrat*actt«at ttfgaqt csatgtgs&tgtotta 
Q 




_ _ i»t9»«tgtaottcqqg««qtott»co4a*ot flo oot co gttt^ 

tp?r«^«Tq mmm ii irrt t+T^ ^+ ^ ~i »* gr « *-»-fr »»» ff ««^«»***«*9fc 1041 

111 ytfMl UmiftcttgUUtttt to««t«*«utttfyteca^tt*>ct^««««<»*««tc»MOfl«Qtt*t«*t«tg«««cgg«OTg»gw?tttxi 1 141 

gt^ttijart ttTT»«Kjji«iiUBi nil til tilt tn«tTtT«(ig«^ 1241 

■ n n inwiit t Mtattt*o«at6t t6tttqtqfft6qt6a«6ct tt ttgatrtt tocat M U41 

ttoQTtogtticrttQa<^tttt«tBt*ac«yt«t9^9«^ l** 1 

Mt^TCSXGKI^T 1341 



QbOrDSAKWKSraTD TXT TO _ ...... 

CMi cm ™ tSS SSiSi i [^^^^^[^)^^^^^^^*^^fXK^ 1741 

M Wa u wiCI 1 UXIACTt tctocgtt toacamtgtacatot tctaaeattttcfottcatt tqatqt taatq—tct goatacaft nt wntnrn t 1M1 
i ■ im i i u i w >■■>■ — u u> i t uT ul iu ' 1 1 1 m grt uTi r ijn ir » t ■» hk it nTtrymrmtT tit tart m»Trr ,fc —*T 
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[Identification of Document] Specification 

[Title of the Invention] A promoter derived from phytosulfokine precursor gene 
[Claims] 

[Claim 1] A promoter consisting of a base sequence of following (a) or (b): 

(a) a promoter consisting of a base sequence represented by base numbers - 
3359 to -1 shown in SEQ:ID NO:l in the sequence list, 

(b) a promoter in which a part of said base sequence (a) is deleted, substituted 
or added which has activity to enhance expression of a structural gene existing 
downstream of the promoter. 

[Claim 2] A promoter consisting of a base sequence of following (c) or (d): 

(c) a promoter consisting of a base sequence represented by base numbers - 
1911 to -1 shown in SEQ:ID NO:2 in the sequence list, 

(d) a promoter in which a part of said base sequence (c) is deleted, substituted 
or added which has activity to enhance expression of a structural gene existing 
downstream of the promoter. 

[Claim 3] A promoter consisting of a base sequence of following (e) or (f): 

(e) a promoter consisting of a base sequence represented by base numbers - 
1034 to -1 shown in SEQ:ID NO:3 in the sequence list, 

(f) a promoter in which a part of said base sequence (e) is deleted, substituted 
or added which has activity to enhance expression of a structural gene existing 
downstream of the promoter. 

[Claim 4] A promoter consisting of a base sequence of following (g) or (h): 

(g) a promoter consisting of a base sequence represented by base numbers -563 
to -1 shown in SEQ:ID NO:4 in the sequence list, 

(h) a promoter in which a part of said base sequence (g) is deleted, substituted 
or added which has activity to enhance expression of a structural gene existing 
downstream of the promoter. 

[Claim 5] A gene encoding phytosulfokine precursor consisting of a base sequence 
represented by base numbers from -3359 to 2033 shown in SEQ:ID NO:5 in the 
sequence list. 

[Claim 6] A plasmid vector in which the promoter according to any one of claim 1 
to claim 4 was incorporated. 

[Claim 7] A transgenic plant cell in which the promoter according to any one of 
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claim 1 to claim 4 was incorporated. 

[Claim 8] A transgenic plant body in which the promoter according to any one of 
claim 1 to claim 4 was incorporated. 

[Claim 9] A method for activating expression of an exogenous structural gene or an 
endogenous structural gene in a plant by incorporating the promoter according to any 
one of claim 1 to 4 into the plant. 
[Detailed Explanation of the Invention] 
[0001] 

[Technical Field of the Invention] 

This invention relates to a promoter derived from phytosulfokine 
precursor of rice and a transgenic plant produced by incorporation of the promoter to 
activate expression of an exogenous structural gene. 
[0002] 
[Prior Art] 

In the field of plant cell engineering, it is generally carried out that a 
promoter is ligated to upstream of an exogenous gene of target, for over-expression 
of the exogenous gene by incorporation of it. In many cases, expression of the 
exogenous gene is not sufficient without existence of such promoter. Various 
promoters are utilized for this purpose and the method using cauliflower mosaic 
virus 35S promoter is the most conventional technique in this art. Here, a promoter 
means a regulatory gene region existing 5' -upstream of a structural gene. It is 
known that binding of RNA polymerase to a promoter serves as an initiation signal 
of transcription. 
[0003] 

[Problems to be Solved by the Invention] 

The method utilizing cauliflower mozaic virus (CAMV) 35S promoter is 
an excellent method for over-expression of an exogenous gene. However, in some 
cases, the extent of expression of the exogenous gene is not sufficient, depending on 
the exogenous gene to be incorporated and the species of the host plant which is the 
target of gene incorporation. Thus, there have been strong demands on a promoter 
with higher activity. It is the object of this invention to obtain a novel promoter 
with higher potency to activate a structural gene than that of CAMV35S promoter. 



[0004] 

[Solution for Problems] 

The inventors noticed phytosulfokine (PSK), which is a peptide growth 
factor of a plant, and performed investigation on the growth factor. PSK is one of 
growth factors contained in so-called "conditioned medium:CM", a medium once 
used for cell culture. It is known that PSK is secreted into extra-cellular medium 
and functions in the manner like autocrine. At performance of plant cell culture, 
various known hormones or nutritional elements are generally added to the culture 
medium. However, in some plant species, cell culture is itself difficult or rate of 
cell proliferation is extremely slow. Moreover, when the density of a plant cell is 
extremely low, culture of the plant cell becomes difficult. Even in such cases, PSK 
is effective to enhance proliferation of a plant cell. It is also known that, the 
structure of PSK-a and PSK-p are defined by the following sequences wherein 
tyrosine residues of the PSKs are sulfated by post-translational modification. 
PSK-a : Tyr(S0 3 H)-Ile-Tyr(S0 3 H)-Thr-Gln 
PSK-p : Tyr(S0 3 H)-Ile-Tyr(S0 3 H)-Thr 
[0005] 

It is known that the PSK-a and PSK-p are extra-cellular secreted 
peptides bio-synthesized in the form of their precursor, sulfated and processed during 
their transition via trans-Golgi network. The cDNA sequence of Oryza sativa 
phytosulfokine (OsPSK) which is such a precursor, have been already determined, 
using the technique of cDNA cloning. Moreover, the cDNA thus obtained and the 
polypeptide encoded by the cDNA are described in Japanese Patent Publication No. 
11-079612. It is believed that incorporation of said gene into a plant can enhance 
proliferation of a plant cell. 
[0006] 

The inventor noticed the above-described knowledge and investigated to 
obtain a promoter that regulates expression of the OsPSK gene. Meanwhile, the 
base sequence described in Japanese Patent Publication No. 11-079612 is a cDNA 
sequence synthesized by reverse transcriptase reaction using mRNA as a template. 
Therefore, the sequence does not include non-translated region of the gene and the 
region corresponding to intron. In general, a regulatory region like a promoter is 
not translated. Therefore, to obtain OsPSK promoter, it is requisite to prepare 
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genomic DNA library, originated from total DNA of a cell, to obtain genomic DNA 
of OsPSK including regulatory region. Then, the inventors have prepared genomic 
library of OsPSK and performed cloning by plaque hybridization using the cDNA as 
a probe. As the result, full-length genomic sequence of PSK precursor gene was 
obtained and non-translated region and intron were included in the sequence. In the 
genomic sequence, it was revealed that a promoter which includes various consensus 
sequences, exists upstream of its open reading frame. Beta-glucuronidase (GUS) 
was incorporated downstream of the promoter and the potency of the promoter to 
activate expression of GUS gene was investigated. As the result, the potency of this 
promoter to activate expression of GUS gene was higher than that of CAMV3J5 
promoter. Therefore, it was shown that the promoter might be a useful tool that 
enables constitutive activation of expression of an exogenous gene. 
[0007] 

[Detailed Description of the Preferred Embodiment] 

This invention is a gene encoding phytosulfokine precursor, consisting of 
a base sequence defined by base numbers from -3359 to 2033 in SEQ.ID No.5 in the 
sequence list. The gene is a genomic DNA sequence encoding PSK precursor, 
obtained by preparing the genomic DNA library from rice Oc culture cells and 
screening of the genomic library by plaque hybridization using 32P-labeled cDNA of 
OsPSK as a probe. The genomic DNA sequence and the cDNA sequence of the PSK 
precursor, which have already obtained, were compared and it was revealed that the 
genomic DNA sequence consisted of two exons and one large intron. The sequence 
encoding PSK, consisting of 5 amino acids, existed in the second exon. In SEQ.ID 
No.5 in the sequence list, base numbers from 1 to 1858 corresponds to the trans- 
criptional region. The region of base numbers from 1 to 245 corresponds to the first 
exon, which encodes NH 2 -terminal signal peptide and so on. The region of base 
numbers from 246 to 1395 corresponds to the intron and the region of base numbers 
from 1396 to 1858 corresponds to the second exon including PSK coding region. 
Moreover, the region of base numbers from 1396 to 1521 corresponds to the 3' down- 
stream purlieu sequence. A putative TATA box was found at the position of -68 
and some consensus sequences of potential regulatory elements were found further 
upstream of the sequence. Those are, one CAAT-box, three CCAAT-boxes, three 
SSREs (shear-stress-responsive element), one enhancer core-like sequence and three 



E-boxes. Those are consensus sequences recognized that they commonly exist 
among many organisms and said to be involved in regulation of transcription. It is 
known that when a certain protein binds to each of these consensus sequences, the 
frequency of transcription is regulated by interaction between the protein and the DNA. 
[0008] 

As described in the following embodiment, a plasmid containing fusion 
gene comprising 5 '-region of OsPSK gene and (3 -glucuronidase (GUS) gene was 
prepared. The effect of 5' -region of OsPSK gene on GUS activity was investigated. 
As the result, the region containing 5 '-regulatory elements of OsPSK gene enhanced 
activity of GUS gene and the potency was higher than that of CAMV35S promoter. 
Such promoter sequence derived from 5' region of OsPSK gene is defined by base 
numbers from -3359 to -1 in SEQ.ID No.l in the sequence list. The promoter is 
transcription regulatory region of OsPSK gene and corresponds to the sequence 
incorporated utilized to incorporate into plasmid pIG121-6 (refer to Fig. 5) in the 
following example. In the OsPSK gene, this sequence is the longest sequence of 
the promoter that exhibits activity as a promoter and if a sequence longer than it was 
adopted, the activity as a promoter would decrease significantly. 
[0009] 

The 5' region of OsPSK gene maintains activity as a promoter, even if a 
shorter sequence of SEQ.ID No.l is adopted. Promoter defined by the sequence 
consisting of the base sequence showed by base numbers from -1911 to —1 in 
SEQ.ID No. 2 in the sequence list is one of such promoter. This region corresponds 
to the sequence incorporated into plasmid pIG121-4 (refer to Fig. 5) in the following 
example. In the OsPSK gene, this sequence corresponds to the region that exhibits 
maximum activity as a promoter. 
[0010] 

The region defined by promoter consisting of the sequence consisting of 
the base sequence showed by base numbers from -1034 to -1 in SEQ.ID No. 3 in the 
sequence list, is also one of such region that maintains activity as a promoter. 
The region derived from the OsPSK gene corresponds to the sequence incorporated 
into plasmid pIG121-3 (refer to Fig. 5) in the following example. 
[0011] 

Furthermore, the region defined by the sequence consisting of the base 



sequence showed by base numbers from -563 to -1 in SEQ.ID No.4 in the sequence 
list, is also one of such region that maintains activity as a promoter. The region 
derived from the OsPSK gene corresponds to the sequence incorporated into plasmid 
pIG121-2 (refer to Fig. 5) in the following example. This sequence corresponds to 
the minimum region of OsPSK gene that exhibits activity as a promoter. If a 
sequence shorter than it was adopted, the activity as a promoter would decrease 
significantly. 
[0012] 

According to technique of gene recombination, artificial modification can 
be achieved at a specific site of basic DNA, without alteration or with improvement 
of basic characteristic of said DNA. Concerning a gene having native base 
sequence provided according to this invention or base sequence different from said 
native sequence, it is also possible to perform artificial modification such as insertion, 
deletion or substitution to obtain gene of equivalent or improved characteristic 
compared with said native gene. Moreover, a gene with such mutation is also 
included in the range of this invention. A promoter in which a part of said promoter 
shown in SEQ ID NO: 1 in the sequence list is deleted, substituted or added with one 
or more bases means a promoter in which a part of base sequence shown in SEQ ID 
NO: 1 in the sequence list is deleted, substituted or added with one or more bases, 
which enhances expression of a structural gene existing in the downstream of the 
promoter. Such promoter exhibits homology 70% or more, preferably 80% or more 
and more preferably 90% or more compared with the base sequence shown in SEQ 
ID NO: 1 in the sequence list. Moreover, in such promoter, the number of bases 
deleted, substituted or added compared with the base sequence shown in SEQ ID 
NO: 1 is 20 or less, preferably ten or less, and more preferably five or less. 
Moreover, such promoter can hybridize with polynucleotide consisting of the base 
sequence shown in the SEQ ID NO: 1 in the sequence list under stringent condition. 
Then, a promoter in which a part of said promoter shown in SEQ ID NO: 2, SEQ ID 
NO: 3 or SEQ ID NO: 4 in the sequence list is deleted, substituted or added with one 
or more bases also means the same variations of the base sequences in this 
specification. 
[0013] 

Further, a plasmid, in which the promoter derived from rice OsPSK gene 
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described above was incorporated, is also within the scope of this invention. In the 
following example, pIG121 plasmid containing CaMV355 promoter and GUS 
reporter gene was adopted, but the scope of this invention is not to be limited to it. 
For example, other plasmids conventionally utilized in the art, such as pIG122, 
pBIlOl, pBI121, pBI221, pAct-nos/Hmz, pMAT037, pTA7001 and pTA7002, can 
be also adopted. 
[0014] 

A transformed plant produced by incorporation of the promoter of this 
invention to enhance expression of an exogenous gene is also within the scope of this 
invention. The example of plants, as a target of incorporation of the promoter of 
this invention to activate expression of an exogenous gene, may include 
dicotyledonous plants, such as tobacco, Arabidopsis thaliana, carrot, soybean, 
tomato and potato as well as monocotyledonous plants, such as rice, lily, maize, 
asparagus and wheat. In principal, any plant can be incorporated the promoter of 
this invention thereby activate expression of an exogenous gene. In the following 
example, when the transformation was carried out, Agrobacterium tumefaciens 
LBA4404 strain was adopted, but not the scope of this invention is not to be limited 
to the strain. According to the species of the plant, which is the target of 
incorporation of genes, an Agrobacterium strain conventionally utilized in this art 
can be properly selected and adopted. 
[0015] 

In principal, any useful structural gene can be adopted as an exogenous 
structure gene of target to be incorporated downstream of the promoter to activate 
expression of the exogenous structure gene. In the following embodiment, GUS 
gene was incorporated but the scope of this invention is not to be limited to it. 
The preferred example of exogenous genes to be incorporated may include a gene 
encoding a factor that enhances growth of a plant, a gene involved in resistance 
against various environmental stresses, a gene involved in resistance against disease 
injury of a plant, a herbicide resistance gene and a gene encoding an enzyme 
involved in synthesis of a useful secondary metabolite. 
[0016] 

Moreover, a plant body obtained from a transgenic plant cell thus 
produced to activate expression of an exogenous gene and a method to produce a 
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transformed plant cell are also within the scope of this invention. In the following 
embodiment, this invention is elucidated in detail using rice culture cell as an 
example, above description and following embodiment is not to be considered to 
limit the scope of this invention. 
[0017] 

[Embodiments] 
(Plant cell culture) 

Rice Oc culture cells (Baba et aL, 1986) were subcultured at 25±2°C in 
the dark at 120 rpm in fresh Murashige and Skoog medium (MS; Murashige and 
Skoog, 1962) supplemented with 1 mg/1 of 2,4-dichlorophenoxyacetic acid (2,4-D) at 
regular intervals of 2 weeks. 
[0018] 

(Genomic DNA extraction and Southern blot analysis) 

Genomic DNA was extracted from rice Oc culture cells cultured for 14 
days using the CTAB method (Murry and Thompson, 1980), digested with restriction 
endonucleases, separated by electrophoresis on 0.8% (w/v) agarose gels, and blotted 
onto Biodyne nylon membranes (Pall, Port Washington, NY, USA) in alkaline 
transfer buffer (0.4 N NaOH/0.6 N NaCl). Southern hybridization was performed 
in a solution of 5 x SSC, 0.5% SDS, 5 x Denhardt's solution and 500 [xg/ml Salmon 
sperm DNA at 50°C or 60°C using the OsPSK cDNA 32 P-labeled with a Random 
Primed DNA Labeling Kit (Takara, Tokyo, Japan). After hybridization, washing 
was performed with 2 x SSC at 25°C 15 min for 3 times and then 2 x SSC containing 
0.1% SDS at 50°C or 65°C 15 min for 3 times. 
[0019] 

(Construction and screening of a genomic library) 

Genomic DNA (50 pig) was partially restricted with SauZA I to generate 
ita/nHI-sensitive fragments ranging in size from 9 to 23 kb. The genomic 
fragments (0.3 \xg) were inserted into the BamHl site of EMBL3 vectors that had 
been digested with BamHI and EcoRl (Stratagene, La Jolla, CA, USA) and packaged 
with Gigapack III Gold Packaging Extract (Stratagene) to construct a genomic 
library. This was screened by plaque hybridization with the 32 P-labeled OsPSK 
cDNA. Hybridization and washing were executed under high stringency conditions 
at 65°C as described above. 



[0020] 

(Subcloning and DNA sequencing) 

Restriction mapping of positive genomic clones was carried out by single 
and double restriction enzyme digestion. A series of fragments with the OsPSK 
gene were excised from positive phages, gel-purified, and subcloned into the 
corresponding sites of pBluescript II- KS (pBS) plasmids. Deletion clones were 
generated with a Kilo Sequencing Kit (Takara) according to the protocol 
recommended by the manufacturer. The plasmids containing the deleted fragments 
were introduced into Escherichia coli strain JM109 and sequenced completely on 
both strands. Double-stranded DNA sequencing were run using a BigDye 
Terminator Cycle Sequencing Kit (Applied Biosystems, Foster, CA, USA), and 
analysis of the DNA sequence data was performed using an ABI PRISM 310 Genetic 
Analyzer (Applied Biosystems) in accordance with the manufacturer's protocols. 
[0021] 

(Determination of transcriptional start site) 

The transcriptional start site was established by both primer extension 
analysis and SI mapping. Total RNA extracted from 2- week-old Oc culture cells 
after transplanting and a 32 nucleotide long primer with the sequence 5*- 
AGCAGGAGGAGAGCAAGGCATAGGAGGCAGAG-3' which is complementary 
to a region 32 nucleotides downstream of the ATG start codon in the OsPSK cDNA 
were used for both analyses. The oligonucleotide primer was 5 '-end-labeled with 
10 U of T4 polynucleotide kinase (Takara) and 30 \iCi of [y- 32 P]-ATP 
(3000 (aCi/mmol). End-labeled primer was annealed with 10 \ig of total RNA for 1 
h at 60°C. The primer extension reaction was carried out according to the 
published procedure (Sambrook et aL r 1989) at 30°C for 1 h with 20 U of Moloney 
murine leukemia virus reverse transcriptase (Stratagene). For SI mapping, a 3.6-kb 
EcoRI fragment from the OsPSK gene and the end-labeled primer were used to 
synthesize one strand DNA. A 315-bp fragment was excised and purified from the 
synthesized DNA with PstI and used as the SI probe, hybridized to 30 ^ig of total 
RNA at 60°C and incubated with 300 units/ml SI nuclease (Takara) for 30 min at 
30°C. The reaction products in both experiments were simultaneously analyzed on 
a 6% polyacrylamide gel containing 7 M urea. 



[0022] 

(Construction of chimeric genes) 

The plasmid pIG121 contains the cauliflower mosaic virus (CaMV) 35S 
promoter, a modified intron of the castor bean catalase gene, and the GUS reporter 
gene (Akama et al , 1992). This CaMV 35S- Intron-GUS reporter gene is 
expressed in plants but not in cells of Agrobacterium tumefaciens (A. tumefaciens) 
(Ohta et al. , 1990). The pIG121 harbors a kanamycin resistance gene which can be 
used to select transform ants. The plasmid pIG121 was digested by HindUI-Xbal to 
remove the CaMV 35S promoter and various fragments from the 5' region of the 
OsPSK gene were inserted into the HindUI-Xbal sites of the binary vector to 
construct chimeric genes. A 241 -bp Pstl-BglR fragment from the 5 5 region of the 
OsPSK gene was subcloned into pBS at the Pstl-BamHl sites. The fragment was 
excised by HindUI-Xbal from pBS-1 and cloned between the same sites of the 
promoter-less pIG121 to construct pIG121-l. Introduction of a 662-bp HindUI- 
Xbal fragment from pBS-2 containing the EcoRV-BglU fragment into the same sites 
of the promoter-less pIG121 produced pIG121-2. The 1.1-kb HindlU-Bglll 
fragment of the 5* region of the OsPSK gene was subcloned into the Hindlll-BamHl 
sites of pBS to produce pBS-3. The plasmid pIG121-3 was generated by 
introduction of the 1.1-kb fragment from pBS-3 into the HindTSL-Xbal sites of the 
promoter-less pIG121. The 2-kb Bglll-BglU fragment of the 5' region of the 
OsPSK gene was subcloned into the BamHl site of pBS to produce pBS-4. A 877- 
bp HindlU-HindlU fragment was excised from pBS-4 and inserted into the same site 
of pIG121-3 in both possible orientations to produce pIG121-4 and pIG121-5. 
The 3.7-kb EcoRl-EcoRl fragment of OsPSK was isolated and cloned into the same 
site of pBS to produce pBS-5, which was then cleavaged by HindlU and the 2.3-kb 
fragment inserted into the same sites of pIG121-3 in both possible orientations to 
construct pIG121-6 and pIG121-7. 
[0023] 

Here, the sequence incorporated into pIG121-l corresponds to the region 
represented by base numbers from -148 to -1 in SEQ ID NO: 5 in the sequence list. 
The sequence incorporated into pIG121-2 corresponds to the region represented by 
base numbers from -563 to -1. The sequence incorporated into pIG121-3 corre- 
sponds to the region represented by base numbers from -1034 to -1. The sequence 
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incorporated into pIG121-4 corresponds to the region represented by base numbers 
from -1911 to -1. The sequence incorporated into pIG121-5 is the same region 
incorporated into pIG121-4, but the region corresponding to base numbers 
from -1911 to -1034 is incorporated in the reverse orientation. The sequence 
incorporated into pIG121-6 corresponds to the region represented by base numbers 
from -3359 to -1. The sequence incorporated into pIG121-7 is the same region 
incorporated into pIG121-6, but the region corresponding to base numbers from - 
3359 to -1034 is incorporated in the reverse orientation. 
[0024] 

(Agrobacterium-mtdiated transformation of rice Oc cells) 

The constructs were introduced into A tumefaciens strain LBA4404 by 
triparental matting. A. tumefaciens cells were grown for 3 days on AB agar 
medium containing 50 mg/liter kanamycin at 30°C in the darkness. The bacteria 
were collected with a small spoon, and suspended in AAM medium (Yang et aL, 
2000a) at a density of OD 6 oo = 0.2. Oc cells that were pre-cultured for 3 days at 
25°C in the dark on fresh MS medium supplemented with 1.0 mg/1 of 2,4-D prior to 
infection were immersed in 4 ml of the bacterial suspension in 90 mm x 20 mm Petri 
plates (Terumo, Tokyo, Japan). The plates were sealed with parafilm and co- 
cultivation was carried out in the dark at 28°C for 3 days. After 3 days, cultures 
were collected into Falcon 2097 tubes. Oc cells were collected by centrifugation at 
1,000 rpm (MX-160 centrifuge, TMA-27 angle rotor; Tomy) for 1 min, resuspended 
in MS medium, mixed well by gentle vortexing, and then centrifuged at 1,000 rpm 
for 1 min. After centrifugation, the supernatant was discarded. This rinsing 
process was repeated for 3 to 5 times to exclude A. tumefaciens cells. The rinsed 
Oc cells were cultured on fresh MS medium supplemented with 1.0 mg/1 of 2,4-D, 
50 mg/1 kanamycin, and 250 mg/1 cefotaxime to select transformed cells. 
[0025] 

(Quantitative analysis of GUS activity) 

More than 5 independent transformed cell lines for each construct were 
cultured for 7 days on selection medium for measurement of GUS activity. Total 
soluble protein was isolated from the transformed Oc cells in a GUS extraction buffer 
(Jefferson et aL, 1987) and activity was quantitatively assayed by the fluorometric 
reaction procedure of Jefferson et aL (1987) using 4-umbelliferyl-p-D-glucuronide 
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(Sigma, St. Liouis, MO, USA). The amount of protein was determined with a Bio- 

Rad Laboratories kit by the method of Bradford (1976). 

[0026] 

(RNA isolation and Northern blot analysis) 

Oc cells transformed with the plasmid pIG121-4 were cultured for 0, 12, 
24, 48, and 72 h, respectively, in MS media supplemented with different combina- 
tions of phytohormones: 2 mg/1 of 2,4-D only, 2 mg/1 of 6-BA only, or 1 mg/1 each 
of 2,4-D and 6-BA. Total RNA (20 \xg per lane) isolated from various samples by a 
published method (Chomczynski, 1993) was denatured and fractionated by electro- 
phoresis on 1.2% (w/v) agarose gels containing 2.2 M formaldehyde. The RNAs 
were subsequently transferred to Biodyne nylon membranes (Pall) in 20 x SSC. 
The filters were hybridized to a random-primed probe of the gusA gene as described 
above. 
[0027] 

(Copy number of OsPSK gene) 

The inventors previously characterized OsPSK cDNA in rice encoding 
the precursor of PSK-a, a peptide growth factor identified from plants. Prior to the 
isolation of genomic clones corresponding to OsPSK cDNA, the copy number of this 
gene in the rice genome was investigated by genetic Southern blotting. The full- 
length OsPSK cDNA was used as probe DNA blot analysis under low stringency 
conditions revealed only one band in DNA digested with three different restriction 
enzymes, except EcoRl that generated two strong and one weak hybridizing bands 
(Yang et al., 1999). When the Southern blot was hybridized to the probe under 
high stringency conditions, only the strong bands were detected in iscoRI-digested 
DNA. These two hybridizing bands were expected by the restriction site residing in 
the coding region of OsPSK cDNA. To verify this notion, the inventors reprobed the 
blot using a 300-bp fragment from the 5' terminus of OsPSK cDNA. As expected, 
only one band of 3.6 kb was hybridized under either low or highly stringent 
conditions. The result of DNA blot analysis of OsPSK gene is shown in Fig. 1. 
In Fig. 1, the genomic DNA isolated from Oc cells was digested with either BamH I 
(lane 1), EcoR I (lane 2), Xba I (lane 3) or Xho I (lane 4) and hybridized with the 
radio-labeled probe derived from 5' end of the OsPSK cDNA. The result indicated 
that OsPSK is a single-copy gene. Indeed, screening of a genomic library allowed 
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the isolation of only one group of genomic clones. 
[0028] 

(Isolation of the OsPSK gene) 

A genomic library was constructed with AJEMBL3 phages and 5aw3AI- 
digested DNA fragments prepared from rice Oc culture cells, and screened with the 
OsPSK cDNA as a probe. The overlapping clones containing fragments obtained 
from OsPSK gene were obtained from OsPSK gene. In Fig. 2B, three overlapping 
genomic clones containing fragments of OsPSK gene are shown. Their clones were 
designated XEMBL3/3-1, XEMBL3/5-3, and XEMBL3/7-1. These clones, classified 
into 3 subgroups, overlapped and spanned a region of more than 45 kp of the rice 
genomic DNA. To begin analyses of the OsPSK genomic structure and regulatory 
regions, the inventors carried out restriction mapping of the three X,EMBL3 phage 
clones (Fig. 2B) by single and double restriction enzyme digestion as well as 
Southern hybridization. The resulting restriction map of the genomic fragment of 
the OsPSK gene is shown in Figure 2A. In Fig. 2, the restriction sites are 
abbreviated as follows : Ba;BamHl, Bg^g/H, EI; EcoRl, EV; EcoKV, H^fmdm, 
P;RsfL The 22.8-kb XEMBL3/7-1 insert was found to contain the entire OsPSK 
gene including the 5' -upstream region, the full-length transcribed sequence 
corresponding to OsPSK cDNA, the non-coding intron, and the 3 '-downstream 
region. The genomic structure of OsPSK gene is shown in Fig. 2C. In Fig. 2C, 
the transcription direction of the OsPSK gene is marked by a horizontal arrow and 
the intron is shown by an open box. Noncoding and coding portions of OsPSK 
exons are indicated by shaded and striped boxes, respectively. The sequence 
encoding PSK-a within the second exon is depicted by a white bar. The horizontal 
bar labeled "327-bp" represents the probe used for genomic DNA hybridization. 
[0029] 

(Determination of the transcription start site of the OsPSK gene) 

The transcription start site of the OsPSK gene was determined by primer 
extension analysis and SI mapping (Fig. 3). In Fig. 3, the reaction products of the 
SI nuclease (lane 1) and the primer extension experiments (lane 2) were subjected to 
electrophoresis on a polyacryamide gel. The sizes of the probe used for SI 
mapping and the products in both experiments are indicated in kb on the left. One 
32-base-long oligodeoxyribonucleotide corresponding to the 5 '-end region of the 
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OsPSK cDNA was used as a primer (Fig. 4) and primer extension reaction was 
carried out. Total RNA extracted from Oc culture cells were used as a template, 
and the products were analyzed by autoradiography after electrophoresis in a poly- 
acrylamide gel. One band about 162-bases in length was detected from the 
extension product (Fig. 3). Next, the inventors prepared a 315-bp probe using a 
3.6-kb EcoRI fragment from the OsPSK gene and the 32 P-labeled primer followed by 
Pstl digestion. Then the inventors performed SI nuclease analysis using the P- 
labeled 315-bp fragment as a probe. After the probe was hybridized with total RNA, 
it was digested with SI nuclease and then a product of 162-bases was again detected 
(Fig. 3). This size is identical to that from the 5 '-terminal residue to the position 
complementary to the primer. Therefore, the first guanidine of the OsPSK cDNA, 
located 62 nucleotides downstream of the TATA box, was designated +1. Most 
likely it represents the 5' end of the OsPSK transcript (Fig. 4). 
[0030] 

(Genomic organization of the OsPSK gene) 

The nucleotide sequence of a 7.4-bp region corresponding to harboring 
the entire OsPSK gene in the genomic clone XEMBL3/7-1 was completely 
determined on both strands sequences and its structure analyzed. In Fig. 4, nucleic 
acid and deduced amino acid sequences of the OsPSK gene are shown. In Fig. 4, 
the transcription initiation site is designated +1 and a TATA-box is boxed. 
A CAAT-box, three E-boxes, three CCAAT-boxes, a enhancer core-like sequence, 
and three SSREs are indicated with underlining. The binding site for the regulatory 
nuclear protein SEF3 is marked by a striped line up the sequence, and a poly- 
adenylation signal is labeled by double underlining. The sequence complementary 
to the primer used for primer extension and SI nuclease analyses is indicated by a 
dashed line. The vertical arrows show the positions used in the construction of the 
various OsPSi^-Intron-GUS fusion plasmids. The amino acid sequence is 
represented using the single-letter amino acid code. The amino acid sequence of 
PSK-a is indicated by the bold capital letters and the translation termination codon is 
marked with an asterisk. Sequence comparison of this fragment and the cDNA 
revealed that the OsPSK gene consisting of two exons (245 bp and 463 bp), which 
perfectly match the cDNA sequence, is interrupted by a large intron of 1150 bp with 
a well-conserved GT-AG intron border sequence. An in-frame TGA stop codon 
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was found 337 bp upstream of the Met codon of the first exon, including the 5' 
noncoding region and a coding region for about half of the PP-PSK 
(preprophytosulfokine), i.e. 48 out of 89 amino acid residues of the precursor, 
including the initiation methionine. A 22 amino acid NH 2 -terminal hydrophobic 
region that presumably acts a signal was found in the first exon. The second exon 
was determined to consist of the 3' non-coding region and a coding region for the 
remaining 41 amino acid residues of the PP-PSK, within which the PSK-a sequence 
occurred only once, close to the COOH-terminus. A poly adenylation signal 
consisting of an AAATTAA sequence was identified at positions 1629 to 1635. 
[0031] 

(Characterization of the 5 '-upstream region of the OsPSK gene) 

The inventors searched the 5 '-upstream region of the OsPSK gene for 
some known motifs of other genes or some regulatory regions of them. In results, 
several potential regulatory elements were found in 5' -upstream region (Fig. 4). 
The consensus sequence of a putative TATA box (5'-TATAA-3 3 ) was found at 
positions -63 to -68, referring to the transcription initiation site. Upstream to this 
sequence, there are one CAAT-box at -267 to -270 and three CCAAT-boxes at -906 
to -910, -949 to -953, and -1074 to -1078, respectively. Interestingly, the sequence 
AACCCA (at -908) conforms to the A(A/C/G)CCCA consensus sequence which is 
the binding site of a soybean enhancer for the regulatory nuclear protein SEF3 (Allen 
et al., 1989), and an 8-nucleotide enhancer core-like motif located at position -1105 
to -1112 with the sequence 5 ' -GTGGAAAG-3 ' . Additionally, three E-boxes 
(consensus sequence: 5'-CANNTG-3'; Pabo, 1992), three shear-stress-responsive 
elements (SSRE: 5'-GAGACC-3'; Resnick et al 7 1993), and several repetitive 
sequences are present in this 5'-end region. These findings suggest that 
transcription may be influenced by a variety of genetic elements. 
[0032] 

(Expression of OsPSK::GUS chimeric genes in transformed cells) 

To determine the OsPSK 5 5 -upstream sequence required for its 
expression, the CaMV 35S promoter in the plasmid pIG121 was replaced with 
various fragments from the 5' region of the OsPSK gene. In Fig. 5, the structure of 
O^PSi^-Intron-GUS constructs are shown. In Fig. 5, a schematic diagram of the 5 5 - 
upstream region of OsPSK is shown at the top. The locations of the putative 
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regulatory elements are indicated in the schematic diagram. Maps of constructs 
containing various portions of the 5' -upstream sequence (thick line) fused to the 
GUS gene (open box, not to scale) and their respective names are shown below the 
schematic diagram. The indicated restriction enzyme sites are abbreviated as in 
Fig. 2. BSSEF3; the binding site of a soybean enhancer for the regulatory nuclear 
protein SEF3, ECS; enhancer core sequence, SSREs; shear-stress-responsive 
elements. Dashed lines indicate fragments in reverse orientation. As a positive 
control, the inventors used the original pIG121 containing the CaMV 35S promoter 
(Ohta et aL, 1990). These constructs were introduced into Oc suspension culture 
cells vi&Agrobacterium infection, and transformed cells were selected on MS agar 
medium supplemented with 50 mg/1 kanamycin (Yang et aL, 1999). For each 
construct, the inventors assayed GUS activity (Jefferson et al. y 1987) in more than 5 
independent transformed clones. The results of these assays are presented in Fig. 6. 
GUS activity is the mean of three independent experiments and indicated with the 
standard deviation. 
[0033] 

The inventors constructed five CtePSi^-Intron-GUS plasmids, pIG121-l, 
pIG121-2, pIG121-3, pIG121-4, pIG121-6, and determined the minimum length of 
the OsPSK 5' -upstream sequence required for maximal GUS activity. Transformed 
cells harboring these plasmids all displayed positive GUS activity and non- 
transformed cells as negative controls had no detectable GUS expression. 
The plasmid pIG121-l harboring the shortest 5 5 -upstream region, which has no 
putative regulatory elements except TATA box, showed the lowest GUS activity. 
The highest GUS activity was recorded for the plasmid pIG121-4, within which most 
of the 5' -putative regulatory elements including SSRE and enhancer core motif are 
located, indicating that the region 1.9 kb upstream of the OsPSK transcription 
initiation site has the minimal region of OsPSK sequence necessary for maximal 
GUS activity in transformed Oc cells. The cells transformed with pIG121-6, with 
the longest OsPSK 5' -upstream region, displayed similar GUS activity to cells 
transformed with pIG121-4. 
[0034] 

To test for any potential enhancer-like activity within the BgllhHindlll 
fragment of the OsPSK 5 '-upstream region in pIG121-4 but not in pIG121-3, the 
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inventors constructed the plasmid pIG121-5 containing the BglU-HindUI fragment in 
the opposite orientation to that in pIG121-4. The GUS activity in cells transformed 
with this construct markedly decreased the activity recorded in cells transformed with 
pIG121-4 (Fig. 6). The inventors also constructed pIG121-7 in which the 2.3-kb 
£coRI-//mdIII fragment in pIG121-6 inserted in reverse orientation into pIG121-3. 
The plasmid pIG121-7 demonstrated GUS activity similar to that of the pIG121-3 
and pIG121-5. These results suggested that the enhancer elements may be involved 
in the maximal GUS expression, with enhancement being orientation-dependent. 
[0035] 

The GUS reporter gene under the control of the OsPSK 5' -upstream 
region yielded GUS activity approximately 2 to 5 times higher than that obtained 
with the GUS gene controlled by the CaMV 35S promoter in the transformed Oc 
cells, suggesting that it contains an efficient promoter for regulating the constitutive 
expression of a foreign gene in transformed rice Oc culture cells. 
[0036] 

(Influence of exogenous auxin and cytokinin) 

The inventors performed RNA blot analyses to investigate how 
exogenous phytohormones affect the expression of OsPSK: :GUS gene in 
transformed Oc cells. Exogenous auxin (1 mg/1 of 2,4-D) and/or cytokinin (1 mg/ 1 
of 6-BA) were added into MS media to treat Oc cells transformed with the plasmid 
pIG121-4. Total RNA was isolated from the various samples and subjected to 
Northern blot analysis. Exogenous auxin and cytokinin regulation of the OsPSK 
promoter in Oc cells transformed with introduction of pIG121-4 is shown in Fig. 7. 
In Fig. 7, steady-state gusA mRNA levels were examined by Northern blotting (left 
panel) and ribosomal RNA levels were examined by ethidium bromide staining (right 
panel). The transformed Oc cells were harvested 0 (lane 0), 12 (lane 1), 24 (lane 2), 
48 (lane 3), and 72 h (lane 4) after auxin and/or cytokinin treatment. Total RNA 
was extracted from each sample and Fig. 7 shows the result of hybridization with the 
radio-labeled Xba l-Sac I fragment of pIG121 which contains the GUS coding region. 
Fig. 7A shows the result of MS medium supplemented with 2 mg/1 2,4-D, and the 
level of GUS mRNA increased significantly at 12 h after the onset of 2,4-D treatment, 
and reached a maximum level by 48 h (Fig. 7A). Fig. 7B shows the result of MS 
medium supplemented with 2 mg/1 6-BA and the expression of OsPSK:: GUS gene 
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was also reinforced by 6-BA 24 h after treatment, although decrease of GUS 
transcripts was apparent at 48 h (Figure 7B). Fig. 7C shows the result of MS 
medium supplemented with 1 mg/1 2,4-D and 1 mg/1 6-BA. The 2,4-D treatment 
combined with 6-BA resulted in a consistent increase in the mRNA level throughout 
the treatment period (Fig. 7C). These results suggested that both exogenous auxin 
and exogenous cytokinin may enhance the expression of OsPSK in Oc culture cells. 
[0037] 

The inventors previously isolated OsPSK cDNA from rice Oc culture 
cells (Yang et al. y 1999). Gain-of-function and loss-of-function studies proved that 
OsPSK cDNA encodes the precursor of PSK-a, a peptide growth factor identified 
from plants. In the present investigation, the inventors identified and characterized 
the OsPSK gene in rice. Southern blotting analyses revealed OsPSK to be a single- 
copy gene (Fig. 1), consisting of two exons identical to the cDNA sequence, and a 
large intron (Fig. 2) conserved GT-AG intron border sequence. The first exon 
contains the 5' noncoding region and a coding region for about half of the PP-PSK 
(preprophytosulfokine) including the 22 amino acid NH 2 -terminal hydrophobic 
region that presumably acts a signal peptide (von Heijne, 1986). No signals that 
might cause retention of protein along the secretory pathway (Nakai and Kanehisa, 
1992) were detected in the sequence of PP-PSK, indicating that the protein may be 
extracellular protein and its active form, PSK-a, could therefore act as the ligand for 
its receptor. The second exon consists of the 3 ? non-coding region and a coding 
region within which the 5-amino acid PSK-a sequence occurs only once, close to the 
COOH-terminus. 
[0038] 

Rice Oc cells can be simply maintained in/on MS medium supplemented 
with 1 mg/1 2,4-D with dilution at regular intervals of 2 weeks. The inventors have 
previously shown that they can serve as an excellent starting material to study the 
synthesis and physiological function of PSK-a (Yang et aL, 1999; Yang et aL, 
2000a). In the present study, the inventors constructed plasmids with the 5 ? 
upstream regions of the OsPSK gene fused to the Intron-GUS reporter gene (Ohta et 
aL, 1990) with a modified intron of the castor bean catalase gene within its N- 
terminal GUS coding sequence. When placed under the control of the CaMV 35S 
promoter, the Intron-GUS reporter gene expresses GUS activity with a similar level 
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and pattern as obtained with the original GUS activity in tobacco cells but not in 
Agrobacterium cells (Ohta et aL, 1990). Furthermore, a significant stimulating 
effect on GUS synthesis by the intron has been observed in rice cells (Tanaka et aL, 
1991), indicating that the Intron-GUS reporter gene is useful to detect expression of 
foreign genes in rice cells. On fusing various lengths of the 5' upstream region of 
the OsPSK gent, the minimum length of the OsPSK 5 '-upstream sequence required 
for the expression of maximal GUS activity was here found to be a region 1.9 kb 
upstream of the transcription start site (Fig. 3). This region is approximately 5 
times more active than the CaMV 35S promoter in transformed Oc cells, suggesting 
that it contains an efficient promoter for regulating the constitutive expression of a 
foreign gene in transformed Oc culture cells. 
[0039] 

Within the 5 '-upstream region of the OsPSK gene, several known motifs 
which are regulatory elements were found (Fig. 3). One of the most notable 
features of the OsPSK promoter is the presence of three CCAAT-boxes, which is a 
target for binding to CCAAT-box/enhancer-binding protein (Ryden and Beeemon, 
1989). Furthermore, the inventors identified three SSREs in the 5 '-upstream region 
of the OsPSK gene. They are cis-acting components within the promoter of several 
human genes expressed in endothelial cells such as those for the platelet-derived 
growth factor |3 chain and transforming growth factor p 1 (Resnick et aL, 1993). 
They interact with DNA binding proteins and are necessary for shear-stress 
responsiveness. Deletion of the region containing these regulatory elements 
resulted in rather low GUS expression (Fig. 6), suggesting that those elements may 
be actually involved in OsPSK expression. In addition, three E-boxes are located in 
the 5 '-end region of OsPSK. The E-box, with a consensus sequence S'-CANNTG- 
3', known as to be a recognition site for a class of transcription factors, can form 
homo- and hetero-dimers to exert regulatory function (Li and Capetanaki, 1994). 
Gbox elements of which comprise a family of cis-acting sequences that have been 
shown to be involved in the regulation of gene expression in response to variety of 
factors in plants as well as in animals (Baker et aL, 1997; Dolferus et aL, 1994). 
PSK-a promotes the growth and increase the chlorophyll content of Arabidopsis 
seedlings under high night-time temperature conditions (Yamakawa et aL, 1999), 
suggesting that the E-box conserved in the PSK-a precursor gene may have 
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regulatory functions in the response to environmental stress. 
[0040] 

An 8-nucleotide enhancer core-like motif, GTGGAAAG, exists in the 5'- 
upstream region of OsPSK (Fig. 3). This sequence is the most common among 
known viral enhancers and dramatically increases the transcriptional activity of 
certain genes (Weiher et al., 1983). It is also present in the S'-upstream region of 
the human ornithine transcarbamylase gene (Hata et al., 1987) and these findings 
suggest that the enhancer sequence is universally conserved from viruses to 
eukaryocytes. The 1.9-kb 5' -upstream region of the OsPSK gene containing the 
enhancer core-like motif was here shown to be necessary and efficient for maximal- 
level GUS expression, and that this region was even higher active than the CaMV 
35S promoter in transformed rice Oc cells (Fig. 5). The enhancer core-like motif in 
the OsPSK gene may have some functional role in the high-level expression of the 
OsPSK:: GUS gene, and this promoting activity was dependent on the orientation 
introduced gene. 
[0041] 

When explanted into culture, many plant tissues dedifferentiate and 
resume division to form proliferating calli. Induction of cell division and 
subsequent callus formation normally require the simultaneous presence of both 
auxin and cytokinin. Hence, cell proliferation could be a direct response to auxin 
and cytokinin or an indirect response caused by PSK-a which reached to a constant 
level under their control. In suspension-cultured asparagus mesophyll cells, PSK-a 
can be produced only when both 1-naphthalene acetic acid and 6-BA are present in 
the medium. No significant amount of PSK-a is produced if either of these plant 
hormones is eliminated from the medium, suggesting that both auxin and cytokinin 
are normally required for the production of PSK-a (Matsubayashi et aL, 1999a). 
Here, the inventors could show that both exogenous auxin and exogenous cytokinin 
reinforce the expression of OsPSK:: GUS in transformed Oc cells (Fig. 7). However, 
because exogenous hormones may not reflect the endogenous modulation of hormone 
levels, many more experiments remain to be done before drawing a final conclusion. 
[0042] 
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[0043] 

[Sequence list] 

<110> Applicant name: President of Nagoya University 

<120> Title of invention: A promoter derived from phytosulfokine precursor 
gene 

<160> Number of SEQ ID Nos: 5 

<210> SEQ:ID NO: 1 

<211> Length: 3359 

<212> Type: Nucleic acid 

<213> Organism: Oryza sativa L. Oc cell 

<400> Sequence 

-3359 

GAATTCCTGG TTTAGTTTTC TATTAGTTGG GCACAAGATC ATAACTGCAG TATTGTATTT 330 0 
AAGATTCAAC ACAGGTTCAA TTTGTCACAC CCTGTAATTT GGCATCTACA ATCTGAAAAT -3240 
GAATGGCTAA TCAAAAGGCT CTGAGCACAC AAATGGCTAA TTTCTTCCAT CTAGTTGAGA 318 0 
AACCTTTCAA TTATACAAAT GGAAAAGATA TGGATGTGAT TTGTGGGCTG AAAACCCTTT 312 0 
GATAATCAAC AATTGTTAGT GCCTTCAACT TTCAATGCAC CCATGTTTTC TTGTTACGTT 306 0 
TGCAAGATCA AAACAATGTT GGAAACGTCA TCTCGCCAGG TAAAGCAATG AATGACGACA 3000 
ATTAAGAAGA TTTTTGCTCC TGAAGACTAC TAATGATGGA TATTAAGGGT ATAATAACCT 294 0 
ATCCAGGATT GTGATGTTCA ATCCCCTTGT AGCATACCTG ATAAGTGTGG TGAGTTAAAA -2880 
GCAGTCCCAT TTACAAAAAG AAAAAGGAAG GCCCATATCT AGCAAAAAAA ATAGACTGCA -2820 
TACGTATAGT TGTTTGTGAA AAAGTTCAAG ATGCATACAA GCCGCAGTTT T C T T C AG AT A -2760 
GTGTGGCATC TTCTTACTTC A AG G AAAA A A ACATTATGCT AGTTTGGAAA TAACTTCAAA -2700 
TTTGTCCCTG TGATGGAAAT TAAACCATTG GTAAGTAGTC TAGCAATATC AAACTTAAGG -264 0 
TGTGTGTTGC ATATGAATTA G G A A A A A CCA TGTCAAACCA ACTGAAACCA AGGAAAATCC -2580 
ACCATACTAA CATACTTAAA TACCTTGAGG TGAGAAACAT ATAAAGCATA CAGAGAACAT -252 0 
GATTAGTAAG AATGACGAAG ATAAAATACA CTAAGGTAAT TAGGGAAAAC AGCAAAGTTC -2460 
ATTTGGACAT TTGATATCAT GGAAAGCTAT A G A A AAA T G T GTACCTTACA GACCGAAATG -2400 
GAAAGAGTCC ACGATAAAAA GTCATTTTTG CACCATTTTC CATTGTAATA CTTATCGAGA -2340 
CAAATTTATG CGCGCACCTT TTTTCCCCCA T C CAT C C A A A TAAATTTTTA TTGGTAAAAC -228 0 
TTGTTGCTTT ATGACAGCAG GAAGTATCTT TTACAATCTA ATGTACCCAT CAGTACAATA -2 220 
TTCTAGTAGT ATATCTACAA CAAAAATAAA GATCAAGGGC ATGCTTGGCA CATAGAATTT -2160 
TGTATGGAAT TAGTTCAAGT CATTTGTTAA GCACATAAAT TTGGCAAAAC TCTCATCTTC -2100 



-25 - 



CAAATTAACC 


TTGCAAAATT 


TAACCAAGAA 


AAACTATATA 


CTATCATCCC 


GTTCCATGTC 


-2040 


CTTCCTAGTA 


GCAAACTTTT 


TATGCAACCA 


TTTTTTTTTC 


TCGACAGGGC 


ATTATTCGTG 


-1980 


GTTACTGTGT 


GCATTAATAG 


CATTAATAAC 


AGCTAGCATG 


TGAGCCTGTT 


ATTAGGGGTA 


-1920 


GGCAGAAAGA 


TCTGAACCGA 


AAAGACCGAC 


ACCGAGTAAA 


TTTGGTCATC 


AATTCGGTCC 


-1860 


TATATAGTGA 


AAGACCGAAC 


TTTATTCGGT 


CAATTCGGTT 


AGTCTCCTCG 


GTTAACCGAA 


-1800 


TAGACGAAAG 


ACCAAATTAA 


CAAAAAAAAA 


ATCTAAATGC 


AACCTACAAT 


CCACCAAGTT 


-1740 


CAATATAATT 


AAACTCTAAT 


TTTCACAGCC 


CTACTTCTTC 


TAGGCATGCA 


ACGTAATAAG 


-1680 


AGTCTTTAGT 


CATACGTGCT 


TATGGATTTG 


TTTTGTGATT 


TTTGTGTTAA 


AAATTTCCAT 


-1620 


TATTTCTTTG 


CATATATGAA 


AATGTTGCTG 


AATTTCGGTC 


AGACCGAGAC 


CGAGACCGAA 


-1560 


TTTGTCGGTC 


ATGATATTTT 


TTGCGTTGAA 


ATTTGGTCTT 


TACTTTTCGA 


AGATCGAGAC 


-1500 


CGAATATTTC 


GGTCAGACCG 


AATGCCCACC 


CCTACTTGTT 


CTCTCTATAC 


CCATATGTCA 


-1440 


ATAATAATTA 


TTATTATACT 


CACTCCGTTC 


TAAACTATGA 


GGCACTTCCT 


TTTTAATGAA 


-1380 


AAATCAAACT 


CGATAACTTT 


TAATTAAAAA 


TAATACTAAT 


ATATACTAAA 


TATTATGCAT 


-1320 


GTTATATCAC 


TATATTTATA 


TTTTAAAGTA 


CTTTCATGTA 


ATGCTAATTT 


CATATTCGTT 


-1260 


AAAATATAGA 


TATTATAATT 


CAAGATGGAG 


GAGTACAACC 


AAACAGTAGA 


GGATCCACTT 


-1200 


CCTCTTTATT 


TATGCCAAGT 


TATTTTAGAA 


CCATGCTCCA 


CACAAGACAC 


GCACACATCG 


-1140 


CATTGACATG 


TGTTAATTTT 


GTTTCGTGTG 


GAAAGGCATG 


GAGGCCGGTT 


CCCCACAATG 


-1080 


TCCAATCGCT 


GCCAACTCTG 


CGAGTAGAGA 


AGGGGGAGGA 


ATGGAAGCTT 


GTGCATGGCC 


-1020 


TAAACACACA 


CTTTGACACT 


TGACTTTGTG 


TTGGAATCCA 


TTGATTAGCC 


GCTCAATGCA 


-960 


GCATCCCCAA 


TGCAGAGGTC 


TCCCCTCTAC 


TCCTAGCTCT 


TTGCAAAACC 


CAATGTCCAC 


-900 


CATTGACTTC 


AATTTCTCAG 


TCTTCCTTGC 


TCATGTCTCC 


CTTGCCCTTC 


TCTCAACTTG 


-840 


GGTCAACTTC 


ATTAAATTTC 


TCCCTTGGTA 


TGTGCAAAGG 


CTTTGAAGGT 


GTAGGCCTGG 


-780 


TGCAAACATT 


GCAAAGTCAA 


AATGTACGGT 


ACGATGCATC 


GATTTACTGA 


CATGGTAATC 


-720 


TTCCCGATTC 


CCGTGTAAAT 


AAACTACTAT 


TTCATTCGTT 


TCATTTATAA 


GATGTTTTAA 


-660 


TTTTGTTATG 


GGCCAAAACT 


TGCTTAACTT 


TGACATAGTT 


TAT TG AAA A A 


AAATAGGTTA 


-600 


GAAAACTTAA 


ATTCAGGAAA 


AAAAGATAGG 


TGAGATATCC 


TAGTATAACC 


ATCTTGGTTT 


-540 


GGTTAAGACA 


TGCCTTAGAA 


TAGACGAGTC 


GGTCGAAACG 


GTCAGAATCG 


GTAGCGTCCC 


-480 


TTTAGAAACG 


ACGCTCAATC 


GACCTGTAAT 


TGACCGTATT 


TATCATTTAC 


AACATTAATA 


-420 


CAATGCAAAA 


AGAAATTAGA 


AATTTTTTTA 


TAAATAGTCA 


AAAATGGTAC 


GCCAGTCTAT 


-360 


CGGGAATTTA 


TGTGACCGTT 


TTCACCCCTA 


TTCGAGTGCA 


TGGGCACTTG 


AGTTGTAAAA 


-300 


TTGACTTGAT 


CGAGATACCA 


ACGTATATAC 


AATTTACACA 


TCGAATTGCC 


GGGAAATTGG 


-240 


ACTTTGAGAT 


CATTTTAGCT 


CCCCAAGGCG 


ATCCACACGT 


ACTCTACCAC 


AAAACTTTGG 


-180 


TTGTTTTTGC 


TATCATCTCA 


AGGCCACTGC 


AGCATGCGCA 


TTGCGCACGT 


ACGAGATGCT 


-120 
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ACTCTTTCCA AGGAACCGAT GTCTCTCTCT CTCTCTCCAG CCTCCATTGC TTATAAATAT 
GTTCCTCCTT CCTATACTGG TAATGGCAGC AAAGCAAAGA AACAAAGAAG AAGAAGAAA 
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<210> SEQ: ID No: 2 

<211> Length: 1911 

<212> Type: Nucleic acid 

<213> Organism: Oryza sativa L. Oc cell 

<400> Sequence 



-1911 GA 


TCTGAACCGA 


AAAGACCGAC 


AC C GAG T AAA 


TTTGGTCATC 


AATTCGGTCC 


-1860 


TATATAGTGA 


AAGACCGAAC 


TTTATTCGGT 


CAATTCGGTT 


AGTCTCCTCG 


GTTAACCGAA 


-1800 


TAGACGAAAG 


ACCAAATTAA 


CAAAAAAAAA 


ATCTAAATGC 


AACCTACAAT 


CCACCAAGTT 


-1740 


CAATATAATT 


AAACTCTAAT 


TTTCACAGCC 


CTACTTCTTC 


TAGGCATGCA 


ACGTAATAAG 


-1680 


AGTCTTTAGT 


CATACGTGCT 


TATGGATTTG 


TTTTGTGATT 


TTTGTGTTAA 


AAATTTCCAT 


-1620 


TATTTCTTTG 


CATATATGAA 


AATGTTGCTG 


AATTTCGGTC 


AGACCGAGAC 


CGAGACCGAA 


-1560 


TTTGTCGGTC 


ATGATATTTT 


TTGCGTTGAA 


ATTTGGTCTT 


TACTTTTCGA 


AGATCGAGAC 


-1500 


CGAATATTTC 


GGTCAGACCG 


AATGCCCACC 


CCTACTTGTT 


CTCTCTATAC 


CCATATGTCA 


-1440 


ATAATAATTA 


TTATTATACT 


CACTCCGTTC 


TAAACTATGA 


GGCACTTCCT 


TTTTAATGAA 


-1380 


AAATCAAACT 


CGATAACTTT 


TAATTAAAAA 


TAATACTAAT 


AT AT AC T A AA 


TATTATGCAT 


-1320 


GTTATATCAC 


TATATTTATA 


TTTTAAAGTA 


CTTTCATGTA 


ATGCTAATTT 


CATATTCGTT 


-1260 


AAAATATAGA 


TATTATAATT 


CAAGATGGAG 


GAGTACAACC 


AAACAGTAGA 


GGATCCACTT 


-1200 


CCTCTTTATT 


TATGCCAAGT 


TATTTTAGAA 


CCATGCTCCA 


CACAAGACAC 


GCACACATCG 


-1140 


CATTGACATG 


TGTTAATTTT 


GTTTCGTGTG 


GAAAGGCATG 


GAGGCCGGTT 


CCCCACAATG 


-1080 


TCCAATCGCT 


GCCAACTCTG 


CGAGTAGAGA 


AGGGGGAGGA 


ATGGAAGCTT 


GTGCATGGCC 


-1020 


TAAACACACA 


CTTTGACACT 


TGACTTTGTG 


TTGGAATCCA 


TTGATTAGCC 


GCTCAATGCA 


-960 


GCATCCCCAA 


TGCAGAGGTC 


TCCCCTCTAC 


TCCTAGCTCT 


TTGCAAAACC 


CAATGTCCAC 


-900 


CATTGACTTC 


AATTTCTCAG 


TCTTCCTTGC 


TCATGTCTCC 


CTTGCCCTTC 


TCTCAACTTG 


-840 


GGTCAACTTC 


ATTAAATTTC 


TCCCTTGGTA 


TGTGCAAAGG 


CTTTGAAGGT 


GTAGGCCTGG 


-780 


TGCAAACATT 


GCAAAGTCAA 


AATGTACGGT 


ACGATGCATC 


GATTTACTGA 


CATGGTAATC 


-720 


TTCCCGATTC 


CCGTGTAAAT 


AAACTACTAT 


TTCATTCGTT 


TCATTTATAA 


GATGTTTTAA 


-660 


TTTTGTTATG 


GGCCAAAACT 


TGCTTAACTT 


TGACATAGTT 


TATTGAAAAA 


AAATAGGTTA 


-600 


G AAA AC T T A A 


ATTCAGGAAA 


AAAAGATAGG 


TGAGATATCC 


TAGTATAACC 


ATCTTGGTTT 


-540 


GGTTAAGACA 


TGCCTTAGAA 


TAGACGAGTC 


GGTCGAAACG 


GTCAGAATCG 


GTAGCGTCCC 


-480 


TTTAGAAACG 


ACGCTCAATC 


GACCTGTAAT 


TGACCGTATT 


TATCATTTAC 


AACATTAATA 


-420 


CAATGCAAAA 


AG AA AT TAG A 


AATTTTTTTA 


TAAATAGTCA 


AAAATGGTAC 


GCCAGTCTAT 


-360 


CGGGAATTTA 


TGTGACCGTT 


TTCACCCCTA 


TTCGAGTGCA 


TGGGCACTTG 


AGTTGTAAAA 


-300 


TTGACTTGAT 


CGAGATACCA 


ACGTATATAC 


AATTTACACA 


TCGAATTGCC 


GGGAAATTGG 


-240 
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ACTTTGAGAT CATTTTAGCT CCCCAAGGCG ATCCACACGT ACTCTACCAC AAAACTTTGG -180 

TTGTTTTTGC TATCATCTCA AGGCCACTGC AGCATGCGCA TTGCGCACGT ACGAGATGCT -12 0 

ACTCTTTCCA AGGAACCGAT GTCTCTCTCT CTCTCTCCAG CCTCCATTGC TTATAAATAT -60 

GTTCCTCCTT CCTATACTGG TAATGGCAGC AAAGCAAAGA AACAAAGAAG AAGAAGAAA -1 
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<210> SEQ: ID NO: 3 

<211> Length: 1034 

<212> Type: Nucleic acid 

<213> Organism: Oryza sativa L. Oc cell 

<400> Sequence 

-1034 AGCTT GTGCATGGCC -1020 

TAAACACACA CTTTGACACT TGACTTTGTG TTGGAATCCA TTGATTAGCC GCTCAATGCA -960 

GCATCCCCAA TGCAGAGGTC TCCCCTCTAC TCCTAGCTCT TTGCAAAACC CAATGTCCAC -900 

CATTGACTTC AATTTCTCAG TCTTCCTTGC TCATGTCTCC CTTGCCCTTC TCTCAACTTG -84 0 

GGTCAACTTC ATTAAATTTC TCCCTTGGTA TGTGCAAAGG CTTTGAAGGT GTAGGCCTGG -7 80 

TGCAAACATT GCAAAGTCAA AATGTACGGT ACGATGCATC GATTTACTGA CATGGTAATC -7 20 

TTCCCGATTC CCGTGTAAAT AAACTACTAT TTCATTCGTT T C ATT TAT A A GATGTTTTAA -660 

TTTTGTTATG GGCCAAAACT TGCTTAACTT TGACATAGTT TATTGAAAAA AAATAGGTTA -600 

GAAAACTTAA ATTCAGGAAA AAAAGATAGG TGAGATATCC TAGTATAACC ATCTTGGTTT -540 

GGTTAAGACA TGCCTTAGAA TAGACGAGTC GGTCGAAACG GTCAGAATCG GTAGCGTCCC -4 80 

TTTAGAAACG ACGCTCAATC GACCTGTAAT TGACCGTATT TATCATTTAC AACATTAATA -4 20 

CAATGCAAAA AGAAATTAGA AATTTTTTTA TAAATAGTCA AAAATGGTAC GCCAGTCTAT -3 60 

CGGGAATTTA TGTGACCGTT TTCACCCCTA TTCGAGTGCA TGGGCACTTG AGTTGTAAAA -300 

TTGACTTGAT CGAGATACCA ACGTATATAC AATTTACACA TCGAATTGCC GGGAAATTGG -2 40 

ACTTTGAGAT CATTTTAGCT CCCCAAGGCG ATCCACACGT ACTCTACCAC AAAACTTTGG -180 

TTGTTTTTGC TATCATCTCA AGGCCACTGC AGCATGCGCA TTGCGCACGT ACGAGATGCT -120 

ACTCTTTCCA AGGAACCGAT GTCTCTCTCT CTCTCTCCAG CCTCCATTGC T T AT A AAT AT -60 
GTTCCTCCTT CCTATACTGG TAATGGCAGC AAAGCAAAGA AACAAAGAAG AAGAAGAAA -1 
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<210> SEQ: ID NO: 4 

<211> Length: 563 

<212> Type: Nucleic acid 

<213> Organism: Oryza sativa L. Oc cell 

<400> Sequence 

-563 ATCC TAGTATAACC ATCTTGGTTT -540 

GGTTAAGACA TGCCTTAGAA TAGACGAGTC GGTCGAAACG GTCAGAATCG GTAGCGTCCC -4 80 

TTTAGAAACG ACGCTCAATC GACCTGTAAT TGACCGTATT TATCATTTAC AACATTAATA -4 20 

C A AT G C A A A A AGAAATTAGA AATTTTTTTA TAAATAGTCA AAAATGGTAC GCCAGTCTAT -3 60 

CGGGAATTTA TGTGACCGTT TTCACCCCTA TTCGAGTGCA TGGGCACTTG AGTTGTAAAA -300 

TTGACTTGAT CGAGATACCA ACGTATATAC AATTTACACA TCGAATTGCC GGGAAATTGG -2 40 

ACTTTGAGAT CATTTTAGCT CCCCAAGGCG ATCCACACGT ACTCTACCAC AAAACTTTGG -180 

TTGTTTTTGC TATCATCTCA AGGCCACTGC AGCATGCGCA TTGCGCACGT ACGAGATGCT -120 

ACTCTTTCCA AGGAACCGAT GTCTCTCTCT CTCTCTCCAG CCTCCATTGC TTATAAATAT -60 

GTTCCTCCTT CCTATACTGG TAATGGCAGC AAAGCAAAGA AACAAAGAAG AAGAAGAAA -1 
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<210> SEQ: ID NO: 5 

<211> Length: 5392 

<212> Type: Nucleic acid 

<213> Organism: Oryza sativa L. Oc cell 

<400> Sequence 

-3359 

GAATTCCTGG TTTAGTTTTC TATTAGTTGG GCACAAGATC ATAACTGCAG TATTGTATTT -3300 
AAGATTCAAC ACAGGTTCAA TTTGTCACAC CCTGTAATTT GGCATCTACA ATCTGAAAAT -3 240 
GAATGGCTAA TCAAAAGGCT CTGAGCACAC AAATGGCTAA TTTCTTCCAT CTAGTTGAGA -3180 
AACCTTTCAA TTATACAAAT GGAAAAGATA TGGATGTGAT TTGTGGGCTG AAAACCCTTT -3120 
GATAATCAAC AATTGTTAGT GCCTTCAACT TTCAATGCAC CCATGTTTTC TTGTTACGTT -3 060 
TGCAAGATCA AAACAATGTT GGAAACGTCA TCTCGCCAGG TAAAGCAATG AATGACGACA -3000 
ATTAAGAAGA TTTTTGCTCC TGAAGACTAC TAATGATGGA TATTAAGGGT ATAATAACCT -2940 
ATCCAGGATT GTGATGTTCA ATCCCCTTGT AGCATACCTG ATAAGTGTGG TGAGTTAAAA -2880 
GCAGTCCCAT T T AC AAAAAG AAAAAGGAAG GCCCATATCT AG C AAA A AAA ATAGACTGCA -282 0 
TACGTATAGT TGTTTGTGAA AAAGTTCAAG ATGCATACAA GCCGCAGTTT TCTTCAGATA -2760 
GTGTGGCATC TTCTTACTTC AAGGAAAAAA ACATTATGCT AGTTTGGAAA TAACTTCAAA -270 0 
TTTGTCCCTG TGATGGAAAT TAAACCATTG GTAAGTAGTC TAGCAATATC AAACTTAAGG -264 0 
TGTGTGTTGC ATATGAATTA GGAAAAACCA TGTCAAACCA ACTGAAACCA AGGAAAATCC -2580 
ACCATACTAA CATACTTAAA TACCTTGAGG TGAGAAACAT ATAAAGCATA CAGAGAACAT -252 0 
GATTAGTAAG AATGACGAAG ATAAAATACA CTAAGGTAAT TAGGGAAAAC AGCAAAGTTC -2460 
ATTTGGACAT TTGATATCAT GGAAAGCTAT AGAAAAATGT GTACCTTACA GACCGAAATG -240 0 
GAAAGAGTCC ACGATAAAAA GTCATTTTTG CACCATTTTC CATTGTAATA CTTATCGAGA -234 0 
CAAATTTATG CGCGCACCTT TTTTCCCCCA TCCATCCAAA TAAATTTTTA TTGGTAAAAC -2280 
TTGTTGCTTT ATGACAGCAG GAAGTATCTT TTACAATCTA ATGTACCCAT CAGTACAATA -222 0 
TTCTAGTAGT ATATCTACAA CAAAAATAAA GATCAAGGGC ATGCTTGGCA CATAGAATTT -2160 
TGTATGGAAT TAGTTCAAGT CATTTGTTAA GCACATAAAT TTGGCAAAAC TCTCATCTTC -2100 
CAAATTAACC TTGCAAAATT TAACCAAGAA AAACTATATA CTATCATCCC GTTCCATGTC -2040 
CTTCCTAGTA GCAAACTTTT TATGCAACCA TTTTTTTTTC TCGACAGGGC ATTATTCGTG -1980 
GTTACTGTGT GCATTAATAG CATTAATAAC AGCTAGCATG TGAGCCTGTT ATTAGGGGTA -19 20 
GGCAGAAAGA TCTGAACCGA AAAGACCGAC AC C GAG T AAA TTTGGTCATC AATTCGGTCC -18 60 
TATATAGTGA AAGACCGAAC TTTATTCGGT CAATTCGGTT AGTCTCCTCG GTTAACCGAA -1800 
TAGACGAAAG ACCAAATTAA C A A A A A A A A A ATCTAAATGC AACCTACAAT CCACCAAGTT -17 40 
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CAATATAATT AAACTCTAAT TTTCACAGCC CTACTTCTTC TAGGCATGCA ACGTAATAAG -1680 
AGTCTTTAGT CATACGTGCT TATGGATTTG TTTTGTGATT TTTGTGTTAA AAATTTCCAT -1620 
TATTTCTTTG CATATATGAA AATGTTGCTG AATTTCGGTC AGACCGAGAC CGAGACCGAA -1560 
TTTGTCGGTC ATGATATTTT TTGCGTTGAA ATTTGGTCTT TACTTTTCGA AGATCGAGAC -1500 
CGAATATTTC GGTCAGACCG AATGCCCACC CCTACTTGTT CTCTCTATAC CCATATGTCA -1440 
ATAATAATTA TTATTATACT CACTCCGTTC TAAACTATGA GGCACTTCCT TTTTAATGAA -1380 
AAATCAAACT CGATAACTTT TAATTAAAAA TAATACTAAT ATATACTAAA TATTATGCAT -1320 
GTTATATCAC TATATTTATA TTTTAAAGTA CTTTCATGTA ATGCTAATTT CATATTCGTT -1260 
AAAATATAGA TATTATAATT CAAGATGGAG GAGTACAACC AAACAGTAGA GGATCCACTT -1200 
CCTCTTTATT TATGCCAAGT TATTTTAGAA CCATGCTCCA CACAAGACAC GCACACATCG -1140 
CATTGACATG TGTTAATTTT GTTTCGTGTG GAAAGGCATG GAGGCCGGTT CCCCACAATG -1080 
TCCAATCGCT GCCAACTCTG CGAGTAGAGA AGGGGGAGGA ATGGAAGCTT GTGCATGGCC -1020 
TAAACACACA CTTTGACACT TGACTTTGTG TTGGAATCCA TTGATTAGCC GCTCAATGCA -960 
GCATCCCCAA TGCAGAGGTC TCCCCTCTAC TCCTAGCTCT TTGCAAAACC CAATGTCCAC -900 
CATTGACTTC AATTTCTCAG TCTTCCTTGC TCATGTCTCC CTTGCCCTTC TCTCAACTTG -840 
GGTCAACTTC ATTAAATTTC TCCCTTGGTA TGTGCAAAGG CTTTGAAGGT GTAGGCCTGG -7 80 
TGCAAACATT GCAAAGTCAA AATGTACGGT ACGATGCATC GATTTACTGA CATGGTAATC -7 20 
TTCCCGATTC CCGTGTAAAT AAACTACTAT TTCATTCGTT T CAT T TAT A A GATGTTTTAA -660 
TTTTGTTATG GGCCAAAACT TGCTTAACTT TGACATAGTT TATTGAAAAA AAATAGGTTA -600 
GAAAACTTAA ATTCAGGAAA AAAAGATAGG TGAGATATCC TAGTATAACC ATCTTGGTTT -540 
GGTTAAGACA TGCCTTAGAA TAGACGAGTC GGTCGAAACG GTCAGAATCG GTAGCGTCCC -4 80 
TTTAGAAACG ACGCTCAATC GACCTGTAAT TGACCGTATT TATCATTTAC AACATTAATA -420 
CAATGCAAAA AGAAATTAGA AATTTTTTTA TAAATAGTCA AAAATGGTAC GCCAGTCTAT -360 
CGGGAATTTA TGTGACCGTT TTCACCCCTA TTCGAGTGCA TGGGCACTTG AGTTGTAAAA -300 
TTGACTTGAT C GAG AT AC C A ACGTATATAC AATTTACACA TCGAATTGCC GGGAAATTGG -240 
ACTTTGAGAT CATTTTAGCT CCCCAAGGCG ATCCACACGT ACTCTACCAC AAAACTTTGG -180 
TTGTTTTTGC TATCATCTCA AGGCCACTGC AGCATGCGCA TTGCGCACGT ACGAGATGCT -120 
ACTCTTTCCA AGGAACCGAT GTCTCTCTCT CTCTCTCCAG CCTCCATTGC TTATAAATAT -60 
GTTCCTCCTT CCTATACTGG TAATGGCAGC AAAGCAAAGA AACAAAGAAG AAGAAGAAAG 1 
AAGAAGCAGC AG C AAA A A A G TTGATCAGTT AATTAGCAAG TGTGTTCTTC TTTCTTTTGG 61 
TGAGAGAGAG AGAGAGAGAG AGAGAGAGAG AGATCTCAGA ATGGTGAATC CAGGAAGAAC 121 
AGCTAGGGCA CTCTGCCTCC TATGCCTTGC TCTCCTCCTG CTAGGTCAAG ATACCCATTC 181 
CAGGAAGCTC CTGTTGCAGG AGAAGCACAG CCATGGCGTC GGCAACGGCA CAACCACCAC 241 
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CCAGGTCAGC AGAATTAGTT CAGTATCGTT TCTTCAGCTT ATTAACCGTG GCCAAATTTG 301 

AATTCTATAA CTTAATTTTA GAGTTGATGT GGATGTGTTA TTAATCATAG ATTATTTCTC 361 

AACATTGGGT TTTATGCCGC TAATAACACA TATGTAAAAC CTTTACAAAC AAATTATTTT 421 

TCGGTCGCTA ATAAGCGTTA CGGCTTATAA TTTTCCTAGT GAACAGTGCA TGCATTTTGC 481 

AAACTTCTTG TTGGCTCTGG TTGCAACTTG CAAGCACGCA TATGCATTGA GAGAAGAGTT 541 

CATACACACA CTGTATTATA TATATGTACA TTTGGGGTAT AAGATACTAA AATGAAACAG 601 

GAGCATCGTG TTCTGAAATG GCGTGGCGTT CTTGTTTATT TTCAGCTTGT GTAATTGCTG 661 

GAGGGCAATA GCATGGGAAA ACACTCTAAT CTGAATCTGT GACACCTGGA ACAGTAGCAC 7 21 

CATTCTTGAT GGCATAATCA TGTCTTAACC ACATGTCTAT CGTTGGAATC CTGGTACAAT 781 

GCTCCGAGCT GCATCGATCC ATCCATGCAT GTTACCTCCA TGTGTTCGAA G AT GCT AT AT 8 41 

ATTTGCATAC GACAGGCACA GCTTCATGAA TGTACTTCGG CACTGTCTTA CCAAACTCCC 901 

CTCCGTTTCA TATTATAAGT CATTTGATTT TTTTTTCCTA GTCAAGTATG ACCAAGCTTA 961 

T AG AAA AAA T TAGAAACATC TAAAATAACA AACTAGTTTC AGAAAATCTA ACATTGAATA 10 21 

TATTTTGATA ATATATTTGT TTTGGGTTGA AAATACTAGT ATATTTTTCA ATAAACTTGG 1081 

TCCAACTTAA C T AG AAA AAA AATCAAACGA CTTATAATAT GAAACGGAGG GAGAACTTTC 1141 

GTTTTGATTT TCCAAAGAAC GACATTATCT TAATTTTAAG ACATCGTTAT TGTTTTTAAA 1201 

ATAATAATAG GATCACTAGT TTCTATTACA ATATATTTGT AAAACACAAT AATATGACAA 1261 

TATTATAGAG GTAGTACTAC TTTTTGATAT TTCCATACAC CCAATCTATA AATTGATCAA 1321 

AGTTTCTGCT TCCACTCTGT TTCGTTCGTT CTTGAAAGTT TTCTTCTAAC AGTATGATGA 1381 

TCTTGATCAA TCAGGAACCA AG C AG AG AG A ATGGAGGAAG TACAGGTTCC AATAACAATG 14 41 

GGCAGCTGCA GTTTGATTCA GCCAAATGGG AAGAATTCCA CACGGATTAT ATCTACACCC 1501 

AAGATGTCAA A AAC C CAT A A TGGCTGTTCA TTTATGATTT GAACTAGTAC TAGTAGCTTA 1561 

TACCTTCTGC GCGTCTTTTG TTCGTTTGGA GAGGGGATTT TCTTGGGATT TAGCATATGA 1621 

ACTAATTAAA TTAAATCCCA GGCAAATCCC ACTCAGCCCA TTTTGTGCAG AAGTTGTCAG 1681 

TGTGCACTGT ATAATTATTT AGTCATACAC AACTACTCCT GGTAACTACT CCTATCTTCG 17 41 

ATGAATTTTC TGGTTTTGCC AGACGTGACA ATAGTCCAGT AGCATGCAGT ACCCTCTCAG 1801 

AATCCCTGTA ATTTTTAGCA AAAAAAAAAG GAAGAAAAGA AAAGAAGCTT CCCTACTTTC 1861 

TCCGTTTCAC AATGTAAGTC ATTCTAGCAT TTTCTACATT CATATTGATG TTAATGAATC 1921 

TGGATAGATA TATACTCCCT CCGTCGAAAA AAA A AAAG G C AAACTGTGGG TTCCGTGCTA 1981 

ACGTTTGACT GTCCGCTTAT ATGAAATTTT TTTATAATTA GGATTTTCAT TG 2033 
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[Effect of the Invention] 

According to this invention, a novel promoter sequence derived from 
rice phytosulfokine precursor gene was provided. The promoter has higher 
promoter activity than califlower mozaic virus 35S promoter. 
[Brief Description of the Drawing] 

[Fig. 1] Fig. 1 is a photograph of blotting analysis performed on genomic 
DNA of rice Oc cell using cDNA of OsPSK as a probe. 
[Fig. 2] Fig. 2 is a schematic diagram showing restriction map of OsPSk 
genomic gene and genomic structure of the OsPSK gene. 

[Fig. 3] Fig. 3 is a photograph showing result of primer extension reaction and 
SI mapping. 

[Fig. 4] Fig. 4 is a figure showing base sequence of OsPSK gene and its 
deduced amino acid sequence. 

[Fig. 5] Fig. 5 is a schematic diagram showing structure of CtePSiC-intron-GUS 
constructs. 

[Fig. 6] Fig. 6 is a figure showing in GUS activity of Oc cells transformed 
with OsPSi^-intron-GUS constructs. 

[Fig. 7] Fig. 7 is a photograph showing regulation of OsPSK ::GUS gene by 
auxin and cytokinin. 
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[Identification of Documents] Abstract 
[Abstract] 

[Object] The object of this invention is to obtain a novel promoter having 
higher promoter activity than that of califlower mozaic virus 35S promoter. 
[Construction] This invention provides a novel promoter derived from gene of 
phytosulfokine precursor of rice. 
[Selected Figure] none 



